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FOREWORD 


Medical applications of radioisotopes continue to grow in number and 
importance and medical centres in almost all countries of the world are now 
using radioactive materials both in the diagnosis and treatment of disease. 
An increasing proportion of these applications involves studies ofthe spatial 
distribution of radioactive material within the human body, for which purpose 
highly specialized scanning methods have been elaborated. By these methods 
it is possible to study the position, size and functional state of different 
organs, to detect tumours, cysts and other abnormalities and to obtain much 
useful information about regions of the body that are otherwise inaccessible, 
except by surgery. 

Progress in scanning methods in recent years has been very rapid and 
there have been many important advances in instrumentation and technique. 
The development of new forms of the gamma camera and of colour-scanning 
techniques are but two examples of recent improvements. The production 
of new radioisotöpes and new labelled compounds has further extended the 
scope of these methods. 

To survey these new advances the International Atomic Energy Agency 
held a Symposium on Medical Radioisotope Scanning in Athens from 
20 - 24 April 1964. The scientific programme of the meeting covered all 
aspects of scanning methods including theoretical principles, instrumen- 
tation, techniques and clinical applications. The World Health Organization 
assisted in the selection of papersby providing a consultant to the selection 
committee. 

The meeting followed the earlier IJAEA/WHO Seminar on Medical Radio- 
isotope Scanning in Vienna in 1959, which was attended by 36 participants 
and at which 14 papers were presented. Some idea of the growth of interest 
in the subject may be gained from the fact that the Symposium was attended 
by 160 participants from 26 countries and 4 international organizations, and 
that 58 papers were presented. 

The published proceedings, comprising two volumes, contain all the 
scientific papers presented at the Symposium together with the subsequent 
discussions. Volume I covers the sessions devoted to theoretical principles, 
instrumentation and techniques, whilst Volume II deals with choice of radio- 
isotopes and labelled compounds, clinical applications and interpretation 
of results. It is hoped that together they will provide a valuable guide to the 
present status and likely future development of medical radioisotope scanning 
and its applications. 

The Agency gratefullyacknowledges the co-operation of the staff of the 
Greek Atomic Energy Commission. 


EDITORIAL NOTE 


The papers and discussions incorporated in the proceedings published 
by the International Atomic Energy Agency are edited by the Agency's edi- 
torial staff to the extent considered necessary for the reader's assistance. 
The views expressed and the general style adopted remain, however, the 
responsibility of the named authors or participants. 

For the sake of speed of publication the present Proceedings have been 
printed by composition typing and photo-offset lithography. Within the limi- 
tations imposed by this method, every effort has been made to maintain a 
high editorial standard; in particular, the units and symbols employed are 
to the fullest practicable extent those standardized or recommended by the 
competent international scientific bodies. 

The affiliations of authors are those given at the time of nomination. 

The use in these Proceedings of particular designations of countries or 
territories does not imply any judgement by the Agency as to the legal status 
of such countries or territories, of their authorities and institutions or of 
the delimitation of their boundaries. 

The mention of specific companies or of their products or brand-names 
does not imply any endorsement or recommendation on the part of the Inter- 
national Atomic Energy Agency. 
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ORGAN VISUALIZATION BY PHOTOSCANNING USING 
MICRO- AND MACRO- AGGREGATES 
OF RADIOALBUMIN 


G.V. TAPLIN, D.E. JOHNSON, E.K. DORE AND H.S. KAPLAN 


SCHOOL OF MEDICINE, UNIVERSITY OF CALIFORNIA, LOS ANGELES, 
AND THE LOS ALAMOS COUNTY HARBOR GENERAL HOSPITAL, 
TORRANCE, CALIF., UNITED STATES OF AMERICA 


Abstract — Resume — Aunorauns — Resumen 


ORGAN VISUALIZATION BY PHOTOSCANNING USING MICRO AND MACRO AGGREGATES OF RADIO- 
ALBUMIN . Micro aggregates (10-20 nm) of human serum albumin I!3! are shown to be superior to other 
agents for liver-spleen photoscanning. Radiation exposure to these organs is minimized and the test agent 
can be prepared with relative ease and simplicity. Also the heart, stomach and salivary glands may be clearly 
visualized with the same material. The techniques and physiological basis for performing and interpreting 
scans of these organs are described. Their diagnostic value is illustrated. The physiological basis for using 
macro albumin aggregates (1-10 um) for visualization of the lungs is presented, along with typical scans in 
dogs. Toxicity studies and related pathophysiological investigations in animals demonstrate a wide margin 
of safety for using the large-particle test agents in man. Preliminary experiments in dogs indicate the feasibility 
of performinglung scans following the inhalation of an aerosol of the same material. This technique is simple, 
painless and entirely safe. Photoscans are presented from patients with a wide variety of pulmonary disorders. 


EXAMEN D'ORGANES PAR PHOTOSCINTIGRAPHIE (AVEC DES MICRO-AGGLOMERATS ET DES MACRO- 
AGGLOMERATS DE RADIOALBUMINE). On a constat& que les micro-agglomerats (10 & 20 nm) d'albumine 
de serum humain marque&e avec 131] sont sup&rieurs ä toutes les autres substances pour la photoscintigraphie 
de la rate et du foie. Ils permettent de r&duire au minimum la radioexposition de ces organes; en outre, leur 
pr&paration est relativement facile et simple. La meme substance permet d’explorer aussi bien le coeur, 
l’estomac et les glandes salivaires. Les auteurs exposent les me&thodes et les bases physiologiques d’exe&cution 
et d'interpr&tation des scintigrammes de ces organes. Ils donnent des exemples de leur valeur pour le diag- 
nostic. Les auteurs indiquent ensuite les arguments d'ordre physiologique qui militent en faveur de l'utilisation 
de macro-agglom£rats (1ä 10 u) de radioalbumine pour explorer les poumons et pr&sentent des scinti- 
grammes typiques faits sur des chiens. Les Etudes de toxicite et les recherches pathophysiologiques connexes 
sur des animaux montrent que l’utilisation de grandes particules dans le cas de l!'!homme laissent une bonne 
marge de securit&. Des exp£riences pr@liminaires sur des chiens ont permis de constater qu'il est possible 
de faire des scintigrammes des poumons apr&s inhalation d’un a&rosol contenant la substance indicatrice. Cette 
methode est simple, indolore et sans danger. Les auteurs pr&sentent des photoscintigrammes de sujets atteints 


d'une grande diversit& d'affections pulmonaires. 


BU3Yy AJIINM3AUNA OPTAHOB IIYTEM $OTOCKEHHUPOBAHNA. ITlokasaHo, YTO MUKPO- 
yacruusı (LO-20 MMK) anb6yMHHa ChIBOPOTKH yenoBeyecKof KpoBH,MeyeHoro HonoM-131, aBıaerca 
Hau/IyYUIHM UHANKATOPOM AA BOTOCKEHHHPOBAHHA TeueHn u cenesenkn. Jlosa o6nyueHHuAa 9TnX 
OPTaHoB MUHUMAaNbHa, a IIPHTOTOBNEHNe UHNHKATOPa OTHOCHTENBHO NeTKo H IpocTo. C NOMOMBM 
3TOTO Ke BeMECTBAa MOXHO NONYUHTb OTUETNMBOE BUSyalbHoe MpeAcTaBleHne oO CepAue, Kenyike 
H CHMHHBIX Kene3aX. ONHCEIBAWTCA MeToNbI H BH3NONOTHYeCKHE OCHOBBI IIONYYUEHNA MH TONKOBa- 
HHA CKEHHOTPAMM 9THX OpFaHoB. MNNMCTPHpyeTcHa Hx 3HayeHNe Ana NOCTaHOBKH AHaTHosa. ®u- 
3HONOTHYeCKHEe OCHOBBI IIPHMEeHEHNSF AalbÖyMHHa B Bune Makpoyacruu (1 = 10 mK) ana Bnsyannsa- 
UMN NeTKHX TMOKaaahHbI Ha TIPHMepe TUIIHYHBIX CKeHHOTPaMM Co6aKk. TOKCHKONOTHYeCcKoe H3yyeHHe 
H COOTBETCTByPIMe NATOBH3HONOTHYeCKHe HCCNEAOBAHNA HA KHBOTHBIX MOKA3bIBAWT HANHMUMe INT 
POKHX TPaHHuu 6e30NaCHOCTH, IO3BONAWIIHX IPHMEHATbB HHAHKATOPbl, COCTOAMME H3 KPYTIHbIX MaCTHuU, 
ANA CKeHHNHPOoBaHHa y nwnei. IlpensaputenbHble SKCHePHMEHTEI Ha co6akax NOKa3all BOI3MOXK- 
HOCTb CKEHHUPOBAHUA NETKHX NOCNE BAbIXaHNA aaposoneh 9TOTO Xe BellecTBa. OTOT MeTon AB- 
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NAETCH IIPOCTEIM, 6e360Ne3SHEHHBIM MH COBepueHHOo 6besonacHbIM. Byayr npencraßneHbl BOTOCKeH- 
HOTPaMMbI 601bHbIX C Pa3HO06Pa3HbIMH JIETOYHBIMN 3a60NeBaHHAMH. 


VISUALIZACION DE ÖRGANOS POR FOTOEXPLORACION (EMPLEO DE MICRO Y MACROAGREGADOS 
DE RADIOALBÜMINA). Los autores demuestran que los microagregados (10-20 mu) de seroalbümina humana 
marcada con !31] ofrecen para la fotoexploraciön del higado y del bazo ventajas sefaladas sobre otros pro- 
ductos. La radioexposiciön de dichos örganos queda reducida a un minimo y la preparaciön de la sustancia 
de ensayo es relativamente fäcil. Esa misma sustancia permite visualizar el corazön, el estömago y las glän- 
dulas salivales. En la memoria se describen las tEcnicas y los principios fisiolögicos en que se basan la foto- 
exploraciön de dichos Örganos y la interpretaciön de los resultados obtenidos, y se subraya el valor diagnöstico 
de esas töcnicas. Se exponen los principios fisiolögicos del empleo de macroagregados de albümina (1-10 u) 
para la visualizaciön de los pulmones, y se presentan centelleogramas tipicos obtenidos con perros. Estudios 
de la toxicidad e investigaciones fisiopatolögicas realizadas en animales demuestran la existencia de un amplio 
margen de seguridad para el empleo de los macroagregados con fines m&dicos. Algunos experimentos prelimi- 
nares realizados con perros indican que es posible la exploraciön centelleogräfica de los pulmones despues 
de la inhalaciön de un aerosol de macroagregados. Esa tEcnica es sencilla y no ocasiona peligro ni dolor 
alguno. Los autores presentarän fotocentelleogramas de una gran variedad de casos de enfermedades pulmonares. 


INTRODUCTION 


Human serum radioalbumin is easily converted to particles of any 
desired size in the range of 10nm to 100 um or larger by combinations of 
heat treatment and pH adjustment [1]. The molecular aggregates so formed 
retain the radioiodide label more avidly than the untreated material [1]. 
Micro-aggregates (10- 20 nm) are stable electronegative colloids and do not 
require added coating or dispersing agents to remain permanently suspended 
in normal physiological saline solutions [2]. 

The micro-aggregated radioalbumin colloids behave much like their 
inorganic counterparts when injected intravenously. They are rapidly and 
efficiently removed from the blood by the reticulo-endothelial cells of the 
body, mainly by those of the liver and spleen [3,4,5,6]. However, unlike 
inorganic colloids, such as those of gold and thorium, which are retained 
permanently in the phagocytic cells of the liver and spleen the albumin 
particles presumably are metabolized by these cells [1]. The radioiodide 
label is rapidly released to the circulation and excreted in the urine along 
with albumin degradation products (large and small peptides andtyrosine)[7]. 
During the iodide excretion period (T} 10 h) the unbound iodide behaves 
exactly as inorganic iodide. It concentrates in the thyroid, salivary glands 
and stomach [1]. On this basis the liver and spleen may be scanned soon 
after colloidal radioalbumin injection and, if the thyroid is previously blocked 
by excess iodide, the salivary glands and stomach may be visualized 3-5h 
later. 

Particles larger than 1.0 um are known to be trapped temporarily in 
the lung capillaries as first noted in 1946 by DOBSON [8] during experiments 
to determine the optimal size of colloidal chromic radiophosphate for esti- 
mating liver blood flow from the blood disappearance rate of the tracer. 
Recently, larger radioactive ceramic microspheres (60 um) have been used 
for radiation therapy [9,10] and for lung scanning [11] because they block 
pulmonary arterioles. In 1963 aprocedure for preparing macro-radioalbumin 
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aggregates (5-50 um) which are more suitable for lung scanning was described 
by us in a scientific exhibit [12]. Typical lung photoscans in rabbits and 
dogs were displayed and toxicity studies in animals with this agent demon- 
strated a wide margin of safety for future human use. However, clinical 
trials were deferred pending further evidence from more complete animal 
investigations. Additional information was accumulated by Nov. 1963. We 
were further encouraged by WAGNER [13] who had confirmed and extended 
our animal toxicity data and had already safely performed 40-50 scans in 
patients using the same techniques and methods for preparing the test 
material. 

This paper presents further modification and simplification of the pre- 
paration ofmicro- (10-20 nm) and macro-(5-25 um) radioalbumin aggregates 
({RAA) in the laboratory. It discusses the physiological mechanisms and 
technical aspects of their use for multiple organ scanning and illustrates 
the diagnostic value of liver-spleen, stomach and salivary gland scans from 
selected problem cases. Experimental data are presented which show the 
feasibility and extremely low toxicity of macro-RAA for lung scanning. 
Finally, current clinical experience with lung scans is described from studies 
in patients with pulmonary emboli, pneumonia, atelectasis, and certain 
tumours, cysts and abscesses which cause localized areas of relative pul- 
monary ischemia. 


MATERIALS 


Solutions of sterile pyrogen-free human serum albumin I!3! and 1125%* , 
carrier-free Cr>l-labelled chromic chloride**; normal human serum 
albuminT; 0.2 normal hydrochloric acid; 0.2 normal sodium hydroxide 
and normal (0.9%) physiological saline are employed. The saline solutions 
are preserved with 0. 9% decyl alcohol and are obtained from the pharmacy 
at UCLA in multiple-injection-type rubber-stoppered bottles. 


EQUIPMENT 


The main items of equipment are: 

1. A precision water bath with a suitable attachment for continuous gentle 
agitation of 30 to 100-ml samples of multiple-injection-type bottles 
at a constant temperature of 79°C (Fig.]l). 

2. A well-type scintillation counter facility for measuring radioactivity 

levels in samples of test agents and body fluids. 

An electron microscope with magnification to —70000. 

An electrophoresis apparatus. 

Photoscanning equipment with 19- and 31-hole focusing collimatorstt 

Two scintillation detector-ratemeter-recorder systems. 


aa» w 


"Albumatope" obtained from E.R. Squibb and Sons, radiopharmaceutical division, 
»*>k 250% human albumin solution ("Albumisol”) containing 0.02 molar sodium caprylate and 
0.02 molar sodium acetyl tryptophanate, obtained from Merck- Sharpe and Dohme and Co. 
t Obtained from E.R. Squibb and Sons, radiopharmaceutical division 
tt Picker Magnascanner, Model I 
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Fig.1 


Motor- driven sample shaker and precision water bath 


Current methods of preparing micro- and macro-radioalbumin suspensions 


Current procedures originate from BENACERRAF [14] and from abbre- 
viated methods previously reported from this laboratory in 1961 [15] and 
1963 [1]. 


Micro-radioalbumin aggregates (10-20 nm): 


1. A 1% radioalbumin solution is prepared by dilution of 5% Albumatope 
with physiological saline in a sterile multiple-injection-type rubber- 
stoppered bottle. 

2. The pHis adjusted to 10 + 0.5 by adding 0.8 ml sterile 0.2 normal NaOH 
per 10 ml of solution. 

3. The solution is heated in a water bath at 79°C for 20 min and agitated 
continuously. It is then cooled below room temperature by immersion 
in cold water. 

4. The pHis reduced to 7.5 + 0.5 by adding 0.2 normal HCl (0.8 m1/10ml 
of solution). 

5. Test for sterility and store at 5°C, 
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Steps 1, 2 and 3 are the same as for the small colloidal suspensions. 

4. The pH is reduced from 10 to 5.2 by adding 0.2 normal HC1(1.3 m1/10 ml 
solution). As the pH approaches 5.0 (the isoelectric point of albumin) 
the clear opalescent colloid is converted to micron-sized particles and 
takes on a skimmed-milk appearance (particle-size range = 1-10 um). 

9. The suspension is heated at 79°C for ‚another 5 min as in step 1 te in- 
crease the size range to 5-25 um. The material then has the appearance 
of homogenized whole milk. 

6. Particle size is measured by examining the stained particles inahaemo- 
cytometer as described later. 

7. Test for sterility and store at 5°C. 


Note: 

(1) I25-]abelled albumin can be converted to macro-aggregates in the same 
manner. 

(2) An efficient process for taggingthe macro-aggregates with Cr! chloride 
is yet to be developed. Merely adding the labelled chromic chloride 
to either the small or large albumin aggregates is only about 50% 


efficient. 
Precautions 
1. Sterile equipment, supplies, techniques and pyrogen-free solutions are 


employed throughout. 
2. With macro-aggregates albumin suspensions, the bottle should be shaken 
vigorously just prior to use to re-suspend the large particles. 


Particle-size measurement by electron microscopy 


Samples of colloidal aggregates of albumin and of gold-198 are diluted 
100 000 times in pure distilled water and then examined by electron micros- 
copy, employing shadow-casting techniques [16]. Figure 2, a composite, 
permits size comparison of colloidal albumin Il3l and gold-198 aggregates. 
Single particles of aggregated albumin molecules measure 10-20 nm and 
occasional clumps of aggregates rarely exceed 200 nm. The gold suspension 
is composed of particles of two main sizes. The larger ones measure 
10-20 nm and the smaller are probably in the range of 1-3 nm orless (sizes 
below the maximum resolving power of the scope). 

Distilled water and normal human serum albumin are shown at the same 
magnification (total = 72000 x) to help distinguish the colloidal particles 
from the finely granular appearance of the collodion film and the normal 
albumin molecules. The colloidal albumin aggregates (10-20 nm) have an 
average molecular weight of 550000 based on ultracentrifuge studies and 
are thus composed of -8 albumin molecules, since the molecular weight 
of albumin is 67000. 
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Fig.2 
Electronmicrographs 
(total magnification 72000 x) 


A. Small albumin aggregates 

B. Colloidal gold-198 

C. Normal human serum albumin 
D. Distilled water 


Particle-size measurement and counting of macro-radioalbumin aggregates 


The suspended aggregates are stained with Rose Bengal (pH 6.0) and 
viewed microscopically (430 X) in a standard haemocytometer. The particle 
size of the aggregates is estimated with a filar micrometer. The number 
of aggregates larger than 5 um/mm? is determined in the same manner as 
in counting white blood cells, using Rose Bengal in place of Turk's solution 
for staining and dilution purposes (Fig.3). 


Stability of human serum albumin P3! solutions and micro- RAA 


Repeated tests for free U3l (collodion dialysis) in unheated and heated 
radioalbumin samples during storage at 5°C show that the Il3l label remains 


ORGAN VISUALIZATION 9 


Fig.3 


Photomicrograph of macro-radioalbumin aggregates viewed in a haemocytometer 


more firmly bound to micro-RAA (heated samples) than to the radioalbumin 
solutions (unheated samples) from which the RAA were prepared (Table I). 


PHYSIOLOGICAL FACTORS IN PHOTOSCANNING 
Photoscanning with micro-radioalbumin aggregates 


The heart, liver and spleen, stomach and salivary glands may all be 
scanned in this sequence after intravenous injection of 200-300 uc doses of 
colloidal RAA [1]. During the first 10-20 min, tracer remains largely 
within the vascular system and the heart is readily visualized. After 20 min, 
high levels are attained in the liver and spleen. However, because of the 
rapid liver release of I3l, a loading dose (4 mg/kg) of unlabelled micro- 
albumin aggregates is required to slow the E38! turnover in the liver. With 
such a loading dose given immediately prior to tracer injection, liver radio- 
activity levels usually remain sufficiently constant from 15-75 min post 
injection to permit accurate scanning. Ifthese organs are re-scanned 3-5h 
later the entire stomach becomes visible because sufficient T3! re-enters 
the circulation and concentrates in the stomach. A continuing Il?! cycling 
process takes place with maintenance of relatively high gastric I?! levels 
for at least 10 h or until the Il2l tracer is largely excreted in the urine. The 
stomach I3l levels remain high because of the concentrating capacity of the 
gastric epithelial cells and the inability of the stomach to absorb iodide [17]. 
The cycling process is maintained by rapid I!3! absorption from the 
duodenum. 
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TABLE I 


DIALYZABLE 13! IN HEATED VERSUS UNHEATED 
RADIOALBUMIN SAMPLES DURING STORAGE AT 5°C 


Storage time % Dialyzable 1131 
Batch No, 3% 2 
when tested Unheated samples” Heated samples *" 


1d 
2 weeks 


4 weeks 


6 weeks 


10 weeks 


Normal human serum albumin I!3l, obtained from E.R. Squibb and Sons. 
*>* Heated samples of same batches (20 min. 79°C) at pH 10.0. 


In our experience the stomachis better visualized 3-5 h after albumin I131 
aggregates than after equal doses of inorganic iodide. Apossible explanation 
is that albumin I!3! is known to be concentrated in the stomach and slowly 
excreted into the gastric juice [17]. The I3l ]Jabel is then released rapidly 
by digestive action. Thus, with the colloidal radioalbumin test agent, I131 
concentrates in gastric mucosa both in the free and protein bound forms. 
However, the free form is dominant. Only about 4% of normal albumin is 
catabolized per day in the stomach [18]. 


Particle size and pulmonary retention of macro-radioalbumin aggregates 


Investigations in dogs with RAA of increasing mean size from 1.0 to 
20.0 um show immediate retention in the lungs following intravenous in- 
jection and subsequent appearance in the liver and spleen. The larger the 
mean size, the longer the lung clearance half time [1]. With particles less 
than 1.0 um only a few per cent are initially trapped but as the mean size 
is increased to 2.5 um approximately 75% are initially deposited with half- 
time lung-clearance values of 30-60 min. Suspensions exceeding 10 um 
mean size are nearly completely retained in the lungs initially and clear 
more slowly (Tı = 1-2 h) [1]. Their transposition to the liver and spleen 
is likewise proportionately slower. 


Lung clearance of macro-radioalbumin aggregates 


The large aggregates are composed of innumerable minute ones in 
loosely knit masses of irregular shapes and sizes. These fragile particles 
are probably fragmented into their submicron-sized components within the 
capillaries and re-enter the general circulation. This mechanical theory 
is supported by the relation of particle size to lung deposition and clearance 
phenomena just described and by other anatomic and physiologic con- 
siderations. The mechanical theory is supported by right-heart blood- 
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pressure measurements made following increasing doses of large particles, 
given intravenously. No change occurs until large doses are given 
(50-150 mg/kg), then an immediate but transitory rise occurs. Likewise, 
similar large doses are required to induce disturbances in the radiocardio- 
gram or to cause observable signs of respiratory distress. Furthermore, 
by external monitoring of the general circulation (head or extremities) 
following intravenous injection, complete lung retention can be demor strated 
for the first few minutes when the particles exceed 10-15 um (mean size) 
and the radiocardiogram shows a single right-heart curve, indicating little 
or no return from the lungs. Similar mechanical interpretation of the lung 
retention mechanism has been made by HAMLIN et al. [19] using inorganic 
radioactive ceramic microspheres (60 um) for determining functional distri- 
bution of right ventricular output in the lungs of dogs and by HAYNIE [11] 
for experimental lung scanning and by YA et al. [10], PERRY et al. [20], 
ARIEL [21] and KIM et.al. [22] for the radiation treatment of lung cancer. 
Finally, it is most unlikely that phagocytosis plays any role jn clearance 
because lung macrophages do not line the pulmonary capillary beds as do 
the Kupffer cells in the liver's sinusoids [23]. 


PHOTOSCANNING RESULTS IN MAN WITH RADIOALBUMIN AGGREGATES 
Human phantom studies 


The advantage of photo versus dot scanning of large organs is demon- 
strated with the Alderson human abdominal phantom. The liver and spleen 
are filled with P®! solutions containing 150 uc in the liver and 7.5 uc in the 
spleen. Sixteen uc are added to the body of the phantom to simulate the 
background activity of surrounding organs and tissues. Radionegative 
tumours are much more difficultto localize than radiopositive ones unless 
they exceed 2.5 cm in diam. and are located close to the liver surface. Liver 
photo and dot scans presented in Fig.4 demonstrate that radionegativetumours 
located directly beneath the surface, measuring 5.0 and 2.5 cm diam. are 
readily visualized by photoscanning, but may be difficult to identify by dot 
scanning. The photoscan was made with high contrast to accent differences 
between maximum and minimum liver radioactivity levels. The dot scan 


was made to show the liver outline accurately plus surrounding tissue back- 
ground. Simultaneous use ofphoto and dot scanning techniques in this manner 
provides optimal data for diagnostic interpretation. 


Results with micro-RAA 
Normal liver photoscans 


The normal position, shape and size of the liver, all of which vary con- 
siderably from person to person, are illustrated in Fig.5. The outline of 
the inside of the heart also may be demonstrated during the first 20 min 
post injection because sufficient tracer remains in the vascular system during 


this period. 
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Fig.4 
Alderson human phantom study 
(5.0 and 2.5 cm tumours) 


A. Dot scan 
B. Photo scan 
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Fig.5 


Normal liver photoscans 
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Identification of upper abdominal lesions 
The photoscan in Fig.6 is from a patient with acute severe upper 


intestinal bleeding. It was performed just after he was relieved of shock. 
A palpable epigastric mass was believed to be spleen by most examiners, 


SPLEEN 


ne PSEUDOCYST OF PANGREAS 


Fig.6 


Photoscan showing spleen and a pseudocyst of the pancreas 


However, no radioactivity accumulated in the region of the palpable tumour. 
Both the spleen* and the liver are shown to be displaced laterally. At 
operation a pseudocyst of the pancreas was found to have eroded the stomach 
and caused the gastric bleeding. This is an example of how a photoscan 
provides useful diagnostic information in a clinical condition where routine 
radiographic examination is hazardous. 


Demonstration of metastatic liver lesions 
The composite of three liver photoscans in Fig.7 demonstrates the 
capacity of the scanning procedure to identify areas of abnormal tissue in 


the liver. The first is from a patient with proved liver abscesses. The 


The outline of the spleen was drawn from the dot scan made simultaneously. It was faintly 


recorded in the photoscan but lost during reproduction, 
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Fig.7 
Abnormal liver photoscans 


A. Liver abscesses 
B. and C. Metastatic liver malignancy 


other two are from individuals with metastatic liver malignancy. The scan 


helps to select the site where liver biopsy should be taken for histological 
examination and exact diagnosis. 


Serial abdominal scans in Hodgkin's disease 


The three photoscans in Fig.8 are from the same patient, a 14-yr-old 
boy with Hodgkin's disease. The initial scan performed 15-75 min following 
injection of albumin Il! aggregates shows an enlarged liver and spleen. In 
the second scan, 4 h later, the stomach appears superimposed upon the liver 
and spleen. The third scan after 7 h demonstrates more radioactivity in 
the stomach and less in the liver and spleen. These serial scans display 
the transposition of free I3l from the liver and spleen to the stomach, and 
demonstrate the proteolytic capacity of the RE cells. 
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Fig. 8 
Serial abdominal scans with albumin I!3! aggregates 


A. Initial scan 
B. 4h 
Garn 


Stomach and salivary gland scans 


Stomach scans of nearly equal quality with the same dose (250 uc) of 
inorganic radioiodide and radioalbumin are demonstrated in Fig.9. In 
addition, the salivary glands may be visualized either immediately after 
sodium U3l injection or 3-4 h following the same dose of colloidal radio- 

The parotid, the sublinguals and the thyroid glands 
The thyroid was previously blocked with excess iodide 
The salivary glands can and must be distinguished from 


albumin aggregates. 
are shown in Fig. 10. 


but is still visible. 
thyroid metastases by their location, size and shape. 


16 G.V. TAPLIN etal. 


Fig.9 
Gastric photoscans 


A. 250 uc albumin Il?! aggregates 4 h after injection 
B. 250 wc sodium Il?! 15 min after injection 


Fig.10 


Photoscan of salivary glands and thyroid 3 h after 25 uc Nall3! intravenous injection. 
Thyroid blocked previously with excess iodide, 
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LUNG SCANNING WITH MACRO-RADIOALBUMIN AGGREGATES 
Technique, dose requirements and calculated radiation exposure 


The photoscanning procedure may be started immediately following 
intravenous injection of macro-RAA (5-25 um). Doses of 150-300 uc of 
1!3!-labelled particles are adequate and the amount of albumin carrier need 
not exceed 30 ug/kg. Radiation exposure to the lungs from I!3! is calculated 
as about 100-200 mr and is at least 20 times less from 1:5, Withscan speeds 
of 40-50 cm/min the procedure requires about Ih. N\loderately high contrast 
enhancement is used for photoscanning to accent differences in radioactivity 
levels within the lung field. In most of our Il3l studies patients were scanned 
in the supine position (anterior view of the chest). 


Preliminary results 


In the few normal subjects (scanned most recently) the entire lung fields 
are visible posteriorly. In anterior views of the left lower lung, the costo- 
phrenic region is partly obscured by the heart. The clavicles cause some 
interference with viewing the apical regions even with Il3l scans. They 
nearly obliterate underlying lung tissue when the scan is made with I125, 
Normally, there is nearly uniform distribution of radioactivity throughout 
both lungs, except at the costophrenic angles. In these areas, radioactivity 
levels are decreased in anterior scans for technical reasons (geometry 
factors). 

Normal Il3l and I?25 Jung scans are presented in Figs. 11 and 12. In 
the latter, the rib shadows are distinctly visible. If desired, rib markings 
may be avoided by adjusting the focusing collimator to view the lung surface 
just beneath the rib level. Figure 13 illustrates the inability of the scanning 
procedure to detect multiple small lung tumours (<2 cm diam.) which are 
visible by X-ray examination, but the scan demonstrates the larger meta- 
static lesions in the liver. In massive atelectasis from obstructive broncho- 
genic carcinoma (Fig. 14) the scan verifies the fact that non-aerated lung 
tissue becomes ischemic. Regional ischemia is likewise found in areas of 
lung consolidation and abscess formation (Figs.15, 16 and 17). 

Pulmonary emboli with and without haemorrhagic infarction (venous 
congestion) produce areas of relative ischemia (bronchial blood supply only) 
in the regions of the lung supplied by the obstructed artery (Figs. 18 and 19). 
The lung tissue supplied by the embolized artery presents a wedge-shaped 
area of decreased radioactivity in the scan. Radiographically a similar 
wedge-shaped area of relative radiodensity is found when there is associated 
haemorrhagic infarction. A unique diagnostic feature of the lung scan is 
its capacity to display the ischemic areas produced by small pulmonary 
emboli before radiographic signs of infarction or ischemia appear instandard 
chest X-rays. The scan findings are identical whether or not infarction 
develops, whereas radiographic changes are far more dependent oninfarction 
which produces the relative radiodensity needed for visualization. 

Lung tumours which compress or obstruct pulmonary arteries cause 
regional ischemia without infarction unless there is pre-existing pulmonary 
venous congestion [24]. Routine chest films seldom disclose this infor- 
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Fig.11 


Normal I!3! Jung dot and photoscans 


A. AP view 
B. PA view 
C. AP view 


mation (Fig.13). The lung scan thus aids X-ray interpretation and indicates 
when pulmonary angiography should be performed. An example of complete 
left-pulmonary artery obstruction without infarction caused by lung cancer 
with hilar involvement is presented in Fig. 20. Ischemia of the entire left 
lung was first detected by scanning. It was later confirmed by angiography. 
A repeated scan one month following radiation therapy indicates improved 
pulmonary arterial blood flow, presumably by shrinkage of the obstructive 
tumour tissue. 


Lung scans have been performed in more than 100 patients with macro- 
RAA entirely without reactions. Emboli first detected by scanning have 
been confirmed at autopsy in several instances. Lung consolidation from 
pneumonia, infarction, tumours, atelectasis and large abscesses found by 
radiography has been associated consistently with regional ischemia in the 
scan in more than 50 cases. 
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Fig.12 


Normal I!25 lung scan and chest X-ray (PA views) 


Fig.13 
Multiple metastatic lesions of the lungs and liver 


A. Chest X-ray; lung lesions 
B. Lung-liver scan 
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Fig.14 


Bronchogenic carcinoma; massive atelectasis and liver metastases 


Fig.15 


Staphylococcal pneumonia, multiple abscesses 
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Fig.17 
Pulmonary infarct, left upper lobe 


A. Chest X-ray, 13/11/63 C. Lung and liver photoscan, 13/12/63 
B. Chest X-ray, 6/12/63 D. Lung and liver dot scan, 13/12/63 
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Fig.18 


Multiple pulmonary emboli with and without infarction 


DISCUSSION 


Advantages and limitations of micro-radioalbumin aggregates for organ 
scanning i 


Micro-RAA have important advantages over colloidal gold-198 andRose 
Bengal I31 for scanning the liver, because of their rapid degradation in the 
liver's Kupffer cells and subsequent urinary excretion of the iodide label 
within 72h. Hepatic radiation exposure is at least 100 times less than that 
from equal doses of gold and about three times less than Rose Bengal L3®! [1]. 
For spleen scanning the RAA are preferred over heated homologous Cr°l 
erythrocyte labelling and heating procedures. Furthermore, multiple organs 
may be visualized sequentially with this agent, namely the heart, liver, 
spleen, stomach and salivary glands. 

The rapid liver turnover of the radioalbumin is also one ofits limitations 
in scanning because strictly constant levels of radioactivity are not main- 
tained during the scanning period. This disadvantage may be partially over- 
come by simultaneous administration ofaloading dose (4 mg/kg) ofunlabelled 
micro-aggregates, which slows the tracer turnover rate in the liver 
(Tı = 20 min) by a factor of 3 and thereby provides relatively constant radio- 
activity levels in the liver for about 1h. 


Potential hazards from large particle injections 


The possibility that large particles might enter the cerebral circulation 
following intravenous injection and produce irreparable brain damage from 
micro-emboli poses the greatest potential hazard. Fortunately, in the dog, 
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Fig.19 


Pulmonary emboli 


. Chest X-ray, 2/1/64 
Photoscan, 2/1/64 
Chest X-ray, 23/1/64 
Photoscan, 23/1/64 


ua®>» 


monkey and in man particles in the 5 to 25-um size range are practically 
completely retained in the pulmonary capillary bed. More importantly, 
radioalbumin aggregates of this size are readily demonstrated to pass freely 
through the capillaries of the brain and lower extremities in both of these 
animal species following internal carotid or femoral artery injection [25]. 
To purposely cause temporary capillary retention in the extremities and/or 
brain the mean particle size must be increased at least threefold (from 
15 to 45 um ormore) [25]. Injection of 5- 25 um RAA directly into the 
femoral or internal carotid arteries causes little or no retention in the ex- 
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Fig. 20 


Left pulmonary artery obstruction without infarction 


A. Chest X-ray, 27/11/63 

B. Pulmonary arteriogram, 29/11/63 

C. Lung photoscan before X-ray therapy, 26/11/63 
D. Lung photoscan after X-ray therapy, 8/1/64 


tremities or brain initially or later, and the bulk of the material rapidly 
accumulates in the lung. More importantly, internal carotid artery in- 
jections of 1 to 10-mg doses of carrier albumin in 30 to 45-um radioalbumin 
aggregates (mean size), have not produced neurological damage detectable 
by electroencephalography or by behavioural disturbances in either dogs or 
monkeys [25]. On this basis plus clinical experience, the possibility of 
central nervous system complications in man from lung scanning is ex- 
tremely remote even in patients with cardiac shunts. However, as a pre- 
cautionary measure, lung scans should be performed with the minimum 
number of particles required and individual particles should not exceed 25 um. 
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Direction of future studies with megno-redioalbirein aggregates 


Lung scanning. Now that the lung scanning procedure is shown to be 
safe [13], extensive studies should be made in patients with normal lungs 
to obtain the control data needed to interpret scans with minor abnormalities. 
Optimal scanning techniques should be established for I3l, Cröl and 125 RAA. 
1125 RAA are theoretically superior tohigher energy Cröl and 1131 preparations 
for visualizing areas of reduced blood flow at the lung surface as produced 
by pulmonary emboli. 

Instrument modifications. A considerable reduction in scanning time 
is possible by modification of the scanner's collimator, detector-crystal- 
photomultiplier-tube assembly, scan motor-speed regulator, andlight source. 
Substitution of a thin window, wafer-thin crystal and a collimator with a 
shorter depth of focus should increase counting efficiency 5to 10-fold. Thus, 
with the larger doses of E25 permissible because of no beta ray emission, 
lung and/or liver scans now requiring 60 min should be possible to accomplish 
in»6=l2"min. 


Larger albumin I25 aggregates for experimental brain and kidney scanning 


As mentioned in the discussion, one hemisphere of the brain may be 
scanned following internal carotid artery injection of 25 macro-RAA provided 
the mean particle size exceeds 15um. The optimal size is probably between 
30 and 45 um. Preliminary toxicity studies in 12 dogs, 4 monkeys and 
2 baboons indicate a safety factor of about 100. So far the amount of test 
material needed for scanning (0. 05- 0.10 mg) may be exceeded by at least 
100xX without causing detectable brain damage. However, extensive data 
are needed in primates with longer observation periods before initiating 
elinical trials in patients with metastatic brain tumours. 

Similar animal studies are needed to determine optimal particle size, 
minimal dose requirements and safety factors for instituting clinical in- 
vestigations of renal scanning with macro-RAA. It is known that arterial 
injection of 60-um-sized ceramic microspheres can cause severe cortical 
necrosis, depending on the number of particles injected [19]. However, in 
both brain and kidney scanning the likelihood of producing tissue damage is 
far less with the fragile RAA than with the inert solid spheres which are not 
metabolized or broken down within the capillaries. If the minute doses 
needed for scanning can be shown to be non-injurious with a wide margin 
of safety, brain and kidney scans with this agent should have important 
advantages over radiomercury compounds now in use [26]. 


SUMMARY 


Current methods of preparing micro- (10-20 nm) and macro- (5-25 um) 
radioalbumin aggregates by heat treatment and pH adjustment are described. 
The small colloidal size suspensions can replace colloidal radiogold and 
Rose Bengal for liver scanning and Cröl-labelled red blood cells for spleen 
scans, because oftheir rapidaccumulationinthe liver and spleen and subsequent 
metabolism of the albumin by proteolytic action of the phagocytic cells. 
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Following release of the I!3! Jabel to the circulation, the stomach, thyroid 
and salivary glands may also be scanned. Radiation exposure to these organs 
is minimal and the test agent can be prepared in any clinical laboratory 
from commercially available radioalbumin in less than 1 h. The basis and 
techniques for performing and interpreting scans of these organs are 
described. Their diagnostic value is illustrated from selected case reports. 

Extensive studies in rabbits and dogs demonstrate the feasibility, low 
toxicity and wide margin of safety for performing human lung scans with 
macro- (5-25 um) radioalbumin aggregates. The dose which produces only 
occasional transient alteration in pulmonary haemodynamics in dogs 
(50-150 mg/kg) is at least 3000 times larger than that (15-30 ug/kg) needed 
to perform lung scans in man. 

Pulmonary emboli, pneumonia, atelectasis, tumours and other lesions 
which cause regional pulmonary ischemia, are detectable inthe scan as 
areas of decreased radioactivity. On this basis the lung scan is unique and 
has diagnostic value by itself. It also helps in the interpretation of chest 
films and may indicate when pulmonary arteriograms should be performed. 
Probably its most important application is in the early diagnosis of pul- 
monary emboli where it can point to the location and size ofthe lesions before 
radiologic signs of infarction or ischemia develop. 
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DISC USSION 


C.M.E. MATTHEWS: With regard to Dr. Taplin's very interesting 
paper, I should like to mention a different isotope which we have used at 
Hammersmith Hospital* for studies of lung function. This is Xel33 which 
can be used to measure both regional blood flow and ventilation. For meas- 
uring regional blood flow a solution of Xel33 in saline is injected intravenous- 
ly; the amount of radioactivity which arrives in different regions of the lung 
is proportional to blood flow. For measuring ventilation, gaseous Xel33 is 
inhaled. In Fig.1, on the left-hand side, records made after injection of 
Xel33 in anormal subject are shown; the count rate in this situation is pro- 
portional to perfusion. The middle records were made after a single in- 
halation.of Xel33, so that the count rate is proportional to ventilation. The 
records on the right-hand side were made after rebreathing Xel33 for two 
minutes; in tthese the count rate is proportional to lung volume. Figure 2 
shows measurements of blood flow per unit volume, ventilation per unit 
volume and ventilation/perfusion ratio in different parts of the lung. These 
measurements were made with the subject in a sitting position. 

Finally I should like to ask Dr. Taplin whether it is necessary to heat 
the albumin first at pH 10 as well as at pH 5.2 when preparing the macro 
aggregates, and also what is the radiation dose to the lungs in his studies? 
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Fig.1 


Scans in a normal subject after Xel33 injection (perfusion), a tidal breath of Xe133 (ventilation), 
and after rebreathing the isotope on a closed circuit until equilibrated (volume) 
The centre marker indicates displacement every half inch from base (B) to apex (A). Note the peak is 
much lower down the chest after the injection than after either the tidal breath or equilibration. 


”* DOLLERY, C.T., HUGH-JONES, P. and MATTHEWS, C.M.E., Use of radioactive xenon for 
studies of regional lung function, Brit. Med. J. 5311 (20 Oct. 1962) 1006 - 16; DOLLERY, C.T. and 
GILLAM, P.M.S., The distribution ofblood and gas within the lungs measured by scanning after admini- 
stration of Be Thorax 18 (1963) 316. 
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Distribution of perfusion/volume, ventilation/volume, and ventilation/perfusion calculated from 
the scans of a normal subject in Fig. 1 
The perfusion per unit volume is five to six times higher at the base than at the apex. The ventilation per 
unit volume is only slightly higher at the base than at the apex: in consequence the ventilation/perfusion 
ratio is four to five times higher at the apex than at the base. 
® left lung 
X right lung 


G.V. TAPLIN: We first heat the albumin at pH 10 for 20 min at 79°C. 
This converts the molecular albumin into small aggregates of about 8-10 al- 
bumin molecules, without displacing the I131 label. The yield of aggregates 
is better than 95%. Reducing the pH to 5.2 produces macro aggregates 
in the size range of about 1-10 um. Reheating at pH 5.2 for 3-5 min at 
79°C increases the size range to about 5 - 25 um. 

As to your second question, the radiation dose to the lungs from 300 uc 
of I131-]abelled macro aggregates is about 250 mrads. With 1125 -labelled 
particles it would be much less. 

H. WAGNER: I should like to show three slides illustrating a method 
of spleen scanning that we have used successfully in over 200 examinations 
of patients during the past three years. The method will be described in 
the May 1964 issue of the "Archives of Internal Medicine" and uses Hg197- 
labelled or Hg203-labelled 1-bromomercuri-2-hydroxypropane (B\IHP), which 
we synthesized by the method described by Sand and Hofmannin1903. The 
method is outlined in Fig.3; the synthesis is shown in Fig.4, and a typical 
spleen scan is seen in Fig.5. The material both labels red blood cells and 
damages them to the extent that they are accumulated by the spleen. The 
high concentration of radioactivity permits clear delineation of the spleen. 
The main advantages of the method are that it is easy to use and there is no 
accumulation of radioactivity in the liver, where it might cause confusion 
in interpretation. 

W. PAUL: I should like to ask Dr. Taplin whether he can distinguish 
between regions of high and low perfusion by the density of deposition of the 


aggregates. 
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BMHP 


1 - bromomercuri - 2 - hydroxypropane 


I. Dose: Stable - 1.0-2.5 mg per one ml of RBC 


Radioactive - 100 wc of Hg203 
300 we of Hg197 


Il. Toxicology: 0.1 mg of organic mercurials per kg B.W. 
has no toxic or diuretic effect in dogs 


Fig. 3 


Spleen scanning with 1-bromomercuri-2-hydroxypropane 


H H OH H 
Nr 77 Az 
Hg*(Ac)p + H-C-C=C + a + KAc 
| \ 
H H HH H 
MERCURIC ACETATE PROPENE 1 - ACETOMERCURI - 2 - HYDROXPROPANE 
H OH H H OH H 


I) el 
H-6-C-C-Hg*-(Ac) + NaBr —H-C-C-C-Hg*-Br 

| 

H HHH 


ppt 


Purified by recrystallization 


Fig. 4 


Synthesis of 1-bromomercuri-2-hydroxypropane 


G.V. TAPLIN: Yes. The radiodensity in the scan image of the lungs 
is linearly related to pulmonary arterial blood flow. 

H. GLASS: I was impressed by your right heart clearance curve of the 
radioactive aggregates. Would you consider that this might permit a more 
accurate estimation of right heart output to be made, since there would be no 
distortion of the curve by the left heart peak? 

G.V. TAPLIN: The large particles can be used for selective radio- 
cardiography but there is still some distortion due to their accumulation in 
the lung, which is also in the field of the precordial detector. We believe 
that their use can be helpful in estimating right heart output. 

P. CZERNIAK: I should like to ask Dr. Taplin three questions. First, 
what is the half-time of retention in the lungs for Il3l-]abelled albumin par- 
ticles? Secondly, if the half-time is long enough, is it possible to inject 
enough radioactivity for the local treatment of lung metastases, e.g. meta- 
stases of thyroid carcinoma? Thirdly, what quantity of particles of the 
size described may be injected intravenously into a patient without hazard? 

G.V. TAPLIN: The half-time of retention of radio-albumin particles 
(5-25 um) in the lungs is about 2 h. The time of lung retention can be in- 
creased by using somewhat larger particles (10-50 um). With regard to 
your second question, it is possible to make radio-albumin particles with a 
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Fig. 5 


Scan of spleen obtained with 1-bromomercuri-2-hydroxypropane 


specific activity of the order of mc/mg which would be sufficiently high for 
therapeutic purposes. As to your third question, it is probably safe to in- 
ject as much as 10-20 mg/kg of high specific activity radio-albumin aggre- 
gates inthe 5-50 um size range. 

P. HARPER: Would you care to comment on the behaviour of macro- 
aggregated albumin after injection into peripheral arteries? 

G.V. TAPLIN: The injection of 5-25 um of macro-aggregated albumin 
into the femoral arteries of dogs and monkeys results in very little retention 
in the leg - the particles appear immediately in the lung. This is also true 
with internal carotid artery injection. To obtain cerebral or peripheral 
capillary trapping in the dog or monkey, particles of larger mean size, 
between 25 and 50 um, are needed. We have not yet done similar studies 
in man. 
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THE USE OF TECHNETIUM-99m 
AS A CLINICAL SCANNING AGENT FOR THYROID 
LIVER AND BRAIN 
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P. V. HARPER, K. A. LATHROP, R.J. McCARDLE AND G. ANDROS 
ARGONNE CANCER RESEARCH HOSPITAL* 
AND THE DEPARTMENT OF SURGERY, 
UNIVERSITY OF CHICAGO HOSPITALS AND CLINICS, 
CHICAGO, ILL., UNITED STATES OF AMERICA 


Abstract — Resume — Aunotaunsa — Resumen 


THE USE OF Tce?®M AS A CLINICAL SCANNING AGENT FOR THYROID, LIVER AND BRAIN. In the 
search for an isotope that will be "ideal” for scanning, Tc%M appears to offer manyadvantages. This substance 
emits a clean 140-keV y-ray (9% converted) with no particle radiation, has a 6-h physical half-life, and 
is readily available at reasonable cost as the daughter of 2.7-d Mo°®, from which it is readily separated on an 
alumina column. In its usual form (Te”MO,’) it is distributed in the body in a manner very similar to ClO4 
and I’, being rapidly distributed in the extracellular space and specifically trapped by the thyroid, stomach 
and salivary glands. Excretion data indicate a biological half-life of about 2d. Thyroid scans of a superior 
quality, with an estimated radiation dosage of 100 mrad to the gland and 5 mrad total-body radiation, may 
be made between one-half and one hour after a 1-mc dose of this material — a very great improvement over 
113!. TcO, does not cross the blood-brain barrier freely, so that spectacular brain scans have been obtained 
with 2 to 5 min scanning time by making use of the high count-rate available from 5 to 10-mc doses of Tc®®m. 
As the pentavalent thiocyanate dissolved in fat emulsion, Tc9M Jocalizes in the liver to a large extent; the 
high count-rate available again permits rapid scans of this gland with improved resolution. It is anticipated 
that further gains with this isotope may be made possible by the use of probes of increased efficiency and by 
further manipulation of biological and chemical parameters. 


UTILISATION DU 9%MTc COMME AGENT D'EXPLORATION CLINIQUE DE LA THYROIDE, DU FOIE 
ET DU CERVEAU,. Dans la recherche du radioisotope «ideal> pour la gammagraphie, ®MTc semble 
offrir de nombreux avantages. C'est un &metteur gamma pur de 140 keV (converti A 9%), sans rayonne- 
ment particulaire, ayant une periode de 6 h; on peut l'obtenir facilement et A peu de frais comme 
produit de filiation de 99Mo, qui a une p&riode de 67 h, dont on le s&pare ais@ment sur une colonne d’alumine. 
Sous sa forme habituelle (IIMTCO, ) ‚ il se r&partit dans le corps d’une fagon tr&s semblable & CIO, etI‘, 
c’est-ä-dire qu'il est rapidernent dispers€ dans l'espace extra-cellulaire et accumul& selectivement par la 
thyroide, l’estomac et les glandes salivaires. Les donn&es fournies par les excreta indiquent que la periode 
biologique est d'environ deux jours. On peut faire d'excellents scintigrammes de la thyroide, avec une irradi- 
ation Evaluee ä 100 mrad pour la thyroide,et ä 5 mrad pour l"ensemble du corps, une demi-heure ä une heure 
apres administration de 1 mc de %®MTc, ce qui repr&sente un tr&s grand progr&s par rapport ä l'utilisation 
de 131]. TcO, ne traverse pas librement la barri&re sang-cerveau, de sorte que l’on a obtenu des scintigrammes 
spectaculaires du cerveau avec un temps de balayage de 2 ä 5 min gräce au taux de comptage Elev& fourni 
par des doses de 5ä 10 mc de ®MTc. Coimme le thiocyanate pentavalent se dissout dans une Emulsion de 
corps gras, 9MTc se localise en grande partie dans le foie; 1A aussi, le taux de comptage Elev& permet des 
explorations rapides avec une meilleure r&solution. On espere qu’il sera possible de faire de nouveaux progres 
avec ce radioisotope gräce ä l'utilisation de sondes plus efficaces et ä une manipulation plus poussee des para- 
m£tres biologiques et chimiques. 


NHCIHONB3BOBAHVE Tc99m KAK KJIUNHMUECKOTO ATEHTA IIPU CKEHHNMPOBA- 
HAN MMTOBUIHOH XKEJIE3bI, IEYEHNH M MOSTA. IIpn nonckax "naeanbHoro'" H30Tona 
MIA CKeHHHPOBaHHus TeXHeunfä-99 m, NOBHAHMOMY, UMeeT MHOTO IPeuMyMecTB. 9To BemMecTBo 
ABAAETCA YUCTBIM TaMMa-HanyuareneM c 3Heprmeä 140 K9aB (9% KOHBEPCHA) IIDH OTCYTCTBUH U3- 


* Operated by the University of Chicago for the United States Atomic Energy Commission. 
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AYYeHHA YaCTHU, HMeeT WecTHyacoBoH bH3HYecKuÄ TepHoA monypacnana, yMepeHHyP CTOUMOCTB, 
ABAAETCH HOCTYNIHBIM KOYEPHHM IPOAyKToM Monn6neHa-99 c epuonoM nonypacrıana 2,7 AHA, OT 
KOTOPOTO OH NETKO OTNENAETCA Ha KONOHKEe C OKUCbW anmMHUHHA. B o6bIyHoA hopMe (Te9m O4) 
oH pacnpexensietca B OPTaHH3Me TaKk xe Kak ClO4 u J , ÖbIcTpo pacnpocTpaHAAchb BO BHEeKNe- 
TOYHOM NPOCTPAaHCTBe, H36NPaTenbHO 3aXBaTbIBaeTcA IIMTOBMAHOR Kenesof, KelyIKoM H CHEOH- 
HBIMH xenesaMmNu. B COOTBEeTCTBHUH C AaHHBIMMH BbINejleHHA TIepHoA NONyBbIBeNeHnA COCTaBıneT 
NPHÖNHaHTenBHO ABa AHA. \erkue CKeHHOTPAaMMbl IIHTOBHAHOH xenesbl C pacueTHoN 1030H 06- 
nyyenua 100 MmıpA. Ha xenesy u 5 MApA. Ha BeCh OPTaHH3M MOTyT ÖbITb CHATBI B TIePHON OT TIO- 
nyuaca ao 1 yaca nocne BBeneHuna 1 MKEPH 3TOTO MarephHana—-9To 6onbLMOe IPeHMYyMEeCTBO NO 
cpasHneunm c HonoM-131. TcO4 He NpoHHKaeT yepes TeMaTo-3Hyebannueckuf 6apbep, NO3TOMY 
Ob heKTHbIe CKeHHOTPAMMbI MOSTAÖBIJIM TIONYUeHbI B TeyeHHe 2-5 MHHYT IIPM BbICOKOÄ CKOPOCTH 
cuera B pesvnprare HCNONB30BaHHus 5-10 mkmpn TexHeuna-99 m. TlocKoNbKy NATUBANEHTHbIÄ 
THOUMAHaT PaCTBOopeH B KHPOBOÄ 9MYNIbCHH, TexHeumfi-99m B 3HaUHTENBHOA CTeNeHH NOKanusyeTch 
R TMeyeHWm! non 6onsmon CRODOCTH cyera CHORa MOXKHO MTONVYUUTR CKEHHOTDAMMHRI 3TOTO 0ODTAHA 
c AyuUmuMM paspemeHnueM. Ilpeanonaraertca, YTO IPH HCNONB30BaHHH 9TOTO H30TONA MOXKHO NONY- 
YHTb Ny4ulne pesynbTaTtbi IPM IPHMeHeHHH 6onee AhbeEeKTHBHEIX IPO6 H 1OA6opa 6HONOTHYEecKHX 
H XHMNYEeCKHUX TIapaMeTpoB. 


EMPLEO DEL ®MTc COMO AGENTE PARA LA EXPLORACIÖN CLINICA DE LA TIROIDES, EL HIGADO 
Y EL CEREBRO, EI 9MTc es uno de los isötopos que mäs ventajas ofrecen para la exploraciön cen- 
telleogräfica. Emite rayos gamma limpios de 140 keV (9% de conversiön) sin radiaciön corpuscular, tiene 
un perfodo fisico de 6 h y puede obtenerse fäcilmente a un precio razonalbe como descendiente del °°Mo, 
(perfodo: 2,7 d) del que se separa sin dificultad en una columna de alümina. En su forma usual ( ?”MTcQ,') 
se distribuye por el cuerpo de manera muy parecida alC1O, yall’, penetra räpidamente en el espacio extra- 
celular y es captado selectiVamente por la tiroides, el estömago y las gländulas salivales. Los datos facilitados 
por la excreciön indican que su periodo biolögico es de unos 2 d. Con una dosis de irradiaciön calculada en 
100 mrad para la gländula y en 5 mrad para el cuerpo entero, se pueden efectuar exploraciones tiroideas de muy 
buena calidad entre media hora y una hora despu&s de administrar 1 mc de esta sustancia lo que representa una 
gran ventaja sobre el 1317, El TcO, no atraviesa libremente la barrera hematoencefälica, lo.que ha permitido 
obtener excelentes imägenes del cerebro con un tiempo de exploraciön de 2 a 5 min aprovechando el elevado 
indice de recuento correspondiente a dosis de 5 a 10 mc de ®mTc. Como el tiocianato pentavalente se di- 
suelveenuna emulsiön de grasa, gran ‚parte del °’mTc se localiza en el higado; en este caso el elevado indice 
de recuento permite tambien proceder a una räpida exploraciön de esta gländula con un mayor poder de reso- 
luciön. Es muy probable que este tipo d& mejores resultados aün utilizando sondas mäs eficaces y adaptando 
los parämetros biolögicos y quimicos a condiciones Öptimas. 


The objective in any clinical tracer study is to obtain as much useful 
information as possible consistent with reasonable radiation dosage to the 
patient, and without undue cost or inconvenience. In order to achieve the 
greatest possible effectiveness a number of factors must be considered, 
among them the characteristics of the particular radioactive tracer material 
chosen. The physical parameters of technetium-99m appear even on casual 
perusal to be so favourable from this point of view that an extended study 
ofits chemical and biological characteristics was undertaken to explore its 
possibilities as an agent for clinical use. 

Technetium-99m decays [1] with a 6-h physical half-life emitting aclean 
0.140 MeV gamma-ray and dissipating only 0.014 MeV /disintegration as 
low energy beta-like radiation (conversion electrons, Auger electrons, and 
soft fluorescent photons). Thus the effective half-life is very short, and the 
energy deposited in the tissues is very small compared to most particle- 
emitting radionuclides. Even the gamma-ray dose-rate constant is very 
low (0.61 r/mc-h at 1 cm). It thus would appear feasible to administer sub- 
stantial millicurie quantities to an individual without intolerable radiation 
dosage. 
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The 140-keV gamma may be scanned with conventional equipment, but 
specially designed detectors provide further substantial advantages. Op- 
timally designed collimators will increase counting efficiency by at least a 
factor of two over collimators of equal resolution designed for 1131, and since 
6 mm of lead give complete shielding, a shielded detector weighing 2 or 3kg 
is quite feasible [2]. A 1-cm-thick Nal crystal gives maximal counting ef- 
ficiency and resolution with low background, and the compactness and light - 
ness of the shield and collimator facilitate the use of multiple detector heads 
(Fig.1). 


Fig.1 


Exploded view oflow-energy collimator-detector. Lead collimator has 253 holes, 6.25-cm focal length, 

1.59-cm diam, of view at focus. Efficiency 4.12 x 1073 counts/disintegration/cm?. Septum thickness 

atfrontend0.019cm. Nal crystal 2 inX 3 in with 0.025 cm berylliurn jacket. This detector-collimator 

is satisfactory in the range 27 to 140 keV. At the latter energy 6.3 mm of lead gives complete lateral 
shielding. 


The 6-h half-life of Tc??” that would ordinarily preclude its use poses 
no problem because this isotope is available as'the daughter of 2.8-d molyb- 
denum-99, one of the most abundant of the fission products. This latter 
material is available at reasonable cost adsorbed on an alumina column from 
which the daughter technetium-99m may be eluted with dilute (0.1 N) hydro- 


chloric acid as needed [3]. 
The technetium-99m decays to technetium-99 which in turn decays to 


stable ruthenium-99. Since the Tc99 has a half-life of 2.1 X 105 yr there 
is no significant residual radioactivity from the decay of Te99m . One me of 
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Tc99m decays to 3X 10" uc of Tc9, and 1 mc of Mo9 decays to 3X 10-5 uc 
or er 

The chemical form of Tem as it is eluted from the generator is that of 
the stable pertechnetate ion. In strong acid solution this forms the volatile 
pertechnic acid. The eluate contains traces of other fission products in 
submicrocurie amounts, consisting largely of I131, Rul03and Rul06, The 
ruthenium may be removed easily by extraction of the TcO% from 5NNaOH 
into methyl ethyl ketone [4]. The ketone then is removed by evaporation 
and the pertechnetate may be made up to any desired specific activity in 
sterile solution. 

Pertechnetate is reduced by ascorbic acidin 2.5 NHCl. In the presence 
of Fettt, which acts as a redox buffer, the technetium is reduced to the 
+5 state [5] in which it is very reactive. It forms a fat-soluble thiocyanate 
and makes firm complexes with simple organic compounds such as glycine 
as well as with proteins. In acid pertechnetate solution (1NHC]), on the 
addition of H,S the technetium activity is precipitated along with elemental 
sulphur, possiblyasthe sulphide TcgS7. Inthe presence of a protective 
colloid such as 1% gelatin, this remains as a sulphur colloid [6]. 

Biological studies have been carried out on a number of these compounds 
of Tc99m and wili be reported in detail elsewhere. To summarize these 
results: pertechnetate belongs to a group of ions (TcO:, ReO:4, C107, BOsF, 
I”, At”) which have a symmetrical spherical or tetrahedral configuration 
and which are handled in a similar manner in the organism [7]. The re- 
semblance of TcOz to I” is particularly close. As judged by the thyroid/ 
serum ratios and by the salivary/serum and gastric-juice/serum ratios [8], 
pertechnetate is trapped in the stomach, salivary glands and thyroid to near- 
ly the same degree as iodide. Excretion is largely by way of the urine during 
the first day, although here the resemblance to iodide becomes less marked 
since increasingly more of the pertechnetate appears in the stools, 10t015% 
being excreted by this route on the third day. The over-all average excretion 
in 10 subjects was 50% in 1.8 days. Pertechnetate thus appears to be some- 
what labile chemically in the body. SORENSEN and ARCHAMBAULT [9] 
have shown that Tc99m formed from Mo9% that has been taken up by the liver 
remains in the liver, further suggesting that technetium can exist in the body 
informs other thenpertechnetate, since injected pertechnetateisnot localized 
in the liver. 

The blood disappearance curve [9] shows a rapid component with a 
half-time of 10 min, and a second component of approximately equal magni- 
tude with a half-life of about 6 h. These same components have been ob- 
served in gastrectomized-nephrectomized dogs, and in animals pre-treated 
with C1OZ (which abolishes localization), and the curves are quite similar 
to those for iodide in subjects with blocked thyroids. This would indicate 
that TcOz is distributed initially in the extracellular space, as is iodide. 

Up to 2% of the injected dose of pertechnetate is localized in the thyroid 
gland in experimental animals (mice) and in euthyroid humans at 30 to 60 min 
after injection. In uptake measurements in human thyroids the high neck 
background made it necessary either to measure the change in count-rate 
after administration of perchlorate, which displaces the TcOg from the 
gland, or to quantitate the dot scan by scanning an injection standard and 
subtracting the background count measured on an appropriate adjacent area 
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ofthe neck. The use of the thigh background count is not practical. Agree- 
ment between these methods was excellent and the TcOz trapping thus meas- 
ured is practically the same as the trapping of iodide in the propylthiouracil- 
blocked thyroid. Administration of thyroid hormone decreases this uptake 
to zero. Administration of thyroid-stimulating hormone does not increase 
the uptake above normal. In hyperthyroid individuals the localization is in- 
creased to between 6 and 30% of the injected dose, and in both Basedow's 
disease and Plummer's disease the increased trapping of TcOz by the thyroid 
is clearly independent of TSH. 

The usefulness of Tc?’mOZ as a clinical tracer material in thyroid 
disease is evident. It allows observation of the ion trapping mechanism 
without perturbing the gland with blocking or discharging agents, and scans 
of comparable and sometimes of superior quality to those obtained with radio- 
iodine are obtainable 30 min after intravenous administration of 1 mc of 
TcO%, the radiation dosage to the thyroid gland being about 100 mrad, i.e. 
about 1/1000 ofthat produced bythe usual scanning dose of I131 (Figs.2and 3). 

Since it has been shown that materials distributed in the extracellular 
space may be used profitably for brain scanning [10] this possible use of 
Tc99mO7 was explored. We administered 5-10 mc of Tc99mOg intravenously 
along with 1 g of Nal to minimize localization in the thyroid. Brain scans 
of excellent quality demonstrating midline as well as lateral lesions were 
obtained in 10 to 15 min. The localization appears to be almost immediate 


Fig.2 


Thyroid scan 30 min after intravenous administration of 1 mc of Tce®Mas TcOz. Note the markedly in- 
creased trapping of TcO% in a cystic hyperactive nodule and suppression of uptake in the remainder of the 
gland. Salivary glands are well visualized. 
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(a) 


(b) 


Fig. 3 
(a) TcO; scan of thyroid similar to Fig.2 
(b) I3l scan of same patient 


The radiation dosage to the gland with 1 mc of Te?’ MOz is about 100 mrad or 1/1000 of the dose from 
50 uc of I, 


and has been followed for as long as 3h. Experience with 100 patients indi- 
cates diagnostic accuracy comparable to that of other scanning agents (Figs.4, 
5 and 6). 

Localization of Tc9?m in the liver as the thiocyanate was achieved by 
injecting this material dissolved in a commercial fat emulsion prepared for 
intravenous use (Lipomul). The thiocyanate was prepared as described 
above, extracted into butyl acetate from the acid solution, the butyl acetate 
removed by evaporation, and the thiocyanate taken upin the fat emulsion 
under sterile conditions. Residual technetium activity was removed from 
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Fig.4 


Argonne Cancer Research Hospital 
brain scanner. To shorten the 
scanning time, two detectors are 
used simultaneously on each side 
of the head. Optimal collimators, 
contour limitation, and rapid 
scanning (2.5 cm/uc) with small 
index (1.6 mm) give a smoother 
picture with little line structure in 
minimal time. Photo readout with 
diffused spots with Gaussian density 
profile reduce statistical structure. 


(b) 


(e) (4) 


Fig.5 


(a and b) Right and left lateral scans of patient with superficial glioma. Note that tumour is faintly 
visible from opposite side of head. Duration of scan 15 min; started immediately after intravenous 
injection of 5 mc of TcOg in 1 g ofNal solution. Total body radiation dosage approximately 60 mrad. 


(ce and d) Same patient, scanned using 6. 3-mmindex. Duration ofscan 90s; started 17 min after injection. 
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Fig. 6 


(a) Left lateral, (b) right lateral, (c) anterior, 

(d) posterior scans of patient with oligodendroglioma. 
Duration of scans 7-8 min, time for entire examination 45 min; 
5 mc TcOz injected intravenously with1g of Nal 
to reduce thyroid and gastric localization. 


the aqueous phase by an ion exchange resin (IR-4B). This material dis- 
appears from the blood with a half-time of 40 to 60 min and reaches optimal 
scanning concentration in the liver in 4 to 6 h, with 50% of the injected dose 
inthe organ. The uptake is apparently parenchymal, being greatly reduced 
in liver disease (Figs.7 and 8). Good uptake was obtained in one case of 
primary hepatoma. 

Tc99m bound to colloidal sulphur has been used to produce liver and 
spleen scans. This material disappears from the blood stream with a half- 
life of 2to 5 min, and in experimental animals (mice and dogs) 70 to 90% 
of the injected material is recoverable in the liver, and about 5% in the 
spleen. With 5 mc of this material, scans are obtainable with count-rates 
of 20000 to 50000/min using collimators designed for thyroid scanning. 
Under these circumstances, with fine resolution and good statistics, some 
difficulties arise from the motion of the liver and spleen with respiration. 
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Fig. 7 


Normal liver scan using 1 mc of Te” (SCN)s in fat emulsion. Scan started 5 h after injection. 
Equipment: Picker Magnascanner with thyroid collimator. Note sharp borders of organ. 


# 


Fig. 8 


Liver scan using same technique as in Fig. 7, in patient with severe hepatic damage following prolonged 
obstructivejaundice. Note greatly reduced uptake, continued presence of circulatory activity in cardiac 
silhouette, as well as some degradation of Tc(SCN); back to TcOZ with gastric localization. 


Great improvement is obtained by temporary paralysis of the appropriate 
phrenic nerve with local anaesthetic (Figs.9-12). 
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Fig. 9 


Metastatic carcinoma of the colon in liver demonstrated with Tc,S; in sulphur emulsion. Scan performed 
5 min after intravenous injection of 2 mc of Te?M, Probe (Fig. 1) used with readout similar to brain 
scanner. Serrated appearance of superior margin of organ is due to respiratory motion. 


Fig. 10 


Liverscan showing metastases from carcinoma of breast. Technique same as in Fig.9. Maximum count- 
rates 40 000/min. The right phrenic nerve was blocked to prevent motion; however, the motion artifact 
of the left lobe is evident. 
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Fig. 11 


Posterior scan of liver and spleen using the Tc?N sulphur colloid. 
The left phrenic nerve has been blocked. Note motion artifacts in liver scan. 


Fig. 12 


Similar to Fig. 11 but with right phrenic nerve paralyzed. 
Again note the motion artifact in the spleen scan. 


The complex of pentavalent technetium with glycine is rapidly excreted 
in the urine following intravenous administration. Over 90% of the radio- 
activity may be recovered in the urine after one hour in the mouse, and 60% 
after 3 hin human subjects. Renal scans are possible with this material 
(Fig.13). 
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Fig. 13 


Renal scan started immediately after intravenous injection of 2 mc Tce®TM-glycine preparation showing 


kidney contours. Duration ofscan: 20 min. 


To summarize, Tc9M has ideal physical characteristics for a variety 


of tracer studies in patients, and has versatile chemical characteristics, not 
yet fully explored, that make it a satisfactory agent for thyroid, liver, brain 
and kidney scanning, studies of ion trapping by the thyroid, and possibly 
other uses. It is of especial interest for use in children where radiation 
dosage is much more critical than in adults. 


[1] 
[2] 
[3] 


[4] 
[5] 
[6] 
[7] 
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[10] 
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DIESCHISSTON 


C.M.E. MATTHEWS: I should like to ask Dr. Harper three questions. 


First, what is the minimum size of brain tumour he can detect using his 
method? I am thinking of the size as measured at operation, not the ap- 
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parent size deduced from the scan. Secondly, what is the tumour/brain 
concentration ratio? Thirdly, is the albumin denatured when labelled with 
Te99m ? 

P. HARPER: The minimum size of brain tumour detected so far was 
a 2-cm spherical melanoma metastasis measured at autopsy. The tumour/ 
brain ratios measured during operation were in the range of 2to 3. Asto 
your last question, the albumin was denatured to some extent when labelled 
with Te99m , 

A. BAPTISTA: What is the clearance coefficient of the liver when you 
use the colloidal material you mentioned for liver scanning? 

P. HARPER: The half-time in the serum is 2-3 min for 90% of the 
activity. 

A. BAPTISTA: Does this material stay in the liver like colloidal gold? 

P. HARPER: Yes. In 72h 3% is excreted. 

M. TUBIANA: How much time elapses after you administer Tc99m be- 
fore you make the thyroid scan? 

P. HARPER: We start to make the scan about 30 min after intravenous 
administration of TceYm, 

M. TUBIANA: Is not the interpretation of the pictures made difficult 
by the presence of a high level of radioactivity in the circulating blood? 

P. HARPER: The higher count rates available permit suppression of 
the background without loss of information. 

M. TUBIANA: What dose is received by the thyroid? 

P. HARPER: About 100 mrad. 

D. SODEE: I should like to know why the brain scans you showed ap- 
peared to be out of focus. Is there not a consequent reduction in accuracy 
in the diagnosis of vascular lesions or tumours? 

P. HARPER: The out-of-focus appearance is due to the fact that counts 
are recorded as diffuse spots, which is how the detector actually sees them. 
It takes some time to get used to this phenomenon; I would stress, however, 
that it does not conceal the information. 

C. KELLERSHOHN: In connection with the decay scheme of Tc9m, to 
what extent is the 0.140-MeV gamma radiation converted? 

P. HARPER: The 140-keV gamma radiation is 8% converted. 

C. KELLERSHOHN: According to the decay scheme you showed, the 
0.140-MeV gamma ray follows a 0.002-MeV gamma ray in cascade. To 
what extent is the latter converted? If the conversion were small, Tc99m 
would constitute an intense source of 2-keV photons. This would be useful 
for certain applications. 

P. HARPER: I believe that the 0.002-MeV gamma radiation is largely 
converted. The conversion involves valence electrons so that the half-life 
of Tc99m is slightly dependent on its chemical state. 
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COMPOUNDS LABELLED WITH LOW-ENERGY 
GAMMA-RAY EMITTERS FOR MEDICAL 
ISOTOPE SCANNING 


K.E. SCHEER, K. ZUM WINKEL AND M. GEORGI 
CZERNY-KRANKENHAUS DER UNIVERSITÄT HEIDELBERG, 
FEDERAL REPUBLIC OF GERMANY 


Abstract — Resume — Annortauns — Resumen 


COMPOUNDS LABELLED WITH LOW-ENERGY GAMMA -RAY EMITTERS FOR MEDICAL ISOTOPE 
SCANNING. Low-energy gamma emitters have a special merit for medical scintillation scanning for the 
following reasons: 

(1) The lead shielding of the collimators is much more effective. Multiple focusing thin-walled hole collı- 
mators can therefore be used, making a higher geometrical resolution possible and, therefore, the detection 
of smaller lesions. 

(2) The absorption of the radiation within the body tissue limits the depth of visibility of lesions. In ex- 
tended organs like the liver, the superposition of radiation originating from the back of the organ is avoided. 
This allows a better detection of more superficial lesions. 

The most important low-energy gamma-emitting nuclide is 112°. For thyroid scanning, it is used in 
the form of iodide. A suitable compound for liver scanning is I!?°-]abelled Rose Bengal. An alternative 
compound is I!2° -CAI (heat denatured albumin). For kidney scanning I!2°-Hippuran was found to be suitable 
when injected intramuscularly with hyaluronidase to ensure a uniform level of radioactivity in the kidneys. 

Another useful low-energy gamma-emitting nuclide for medical scanning is Hg!’ which may be used 
as chloride for kidney and spleen scanning. Special precautions must be taken to avoid overlying of kidney 
and spleen. A higher quality scan is obtained with Hg!?’-labelled Neohydrin. This compound is also useful 
for brain-tumour localization. 

Typical scans of thyroid, liver, spleen, kidney and brain tumours obtained with low-energy gamma 
emitters and conventional nuclides and compounds are presented and the merits of the former are discussed. 


GAMMAGRAPHIE AU MOYEN DE COMPOSES MARQUES AVEC DESEMETTEURS GAMMA DE FAIBLE 
ENERGIE. Les Emetteurs gamma de faible Energie presentent un interet particulier en gammagraphie, pour 
les raisons suivantes! 
die L'Ecran en plomb des collimateurs est beaucoup plus efficace. On peut donc utiliser des collimateurs 
ä focalisation ä canaux multiples, et ä parois minces, qui permettent d’avoir un excellent pouvoir de r&so- 
lution et, par cons@quent, de d£tecter de petites l&sions. 

2% L'absorption du rayonnement par les tissues limite la profondeur ä laquelle les lEsions sont « visibles>>. 
Dans de grands organes comme le foie, on Evite la superposition des rayonnements provenant de la partie 
posterieure de l'organe, d’oü une meilleure detection des l&sions superficielles. 

Le plus important &metteur gamma de faible Energie est l'iode-125. Pour l’exploration de la thyroide 
on l'utilise sous forme d'iodure. Pour le foie, le rose bengale marqu& avec !2°I convient parfaitement, mais 
on peut aussi utiliser de l’albumine alter&e par la chaleur et marqu&e avec !?5I. Pour le rein, on a constate 
que l'hippuran marqu& avec 125 donne de bons r&sultats en injection intra-musculaire, si on le melange ä de 
l'hyaluronidase pour assurer un niveau uniforme de radioactivite dans cet organe. 

Un autre &metteur gamma de faible Energie tr&s utile en gammagraphie est le mercure-197, qui peut 
Etre utilise sous forme de chlorure pour l"exploration du rein et de la rate. On doit prendre des precautions 
speciales pour Eviter la superposition de ces organes. On obtient un meilleur scintigramme avec de la n&o- 
hydrine marqu&e avec !PTHg; ce produit peut servir aussi ä localiser les tumeurs du cerveau. 

Les auteurs donnent des details sur des cas typiques d'exploration de tumeurs de la thyroide, du foie, 
de la rate, du rein et du cerveau, d'une part avec des @metteurs gamma de faible Energie et d'autre part 


avec des nucleides et des compos&s classiques; ils comparent les resultats obtenus. 


COEANUHEHNA, UCHONB3YEMbIE ITIPM MEINMUNHCKOM N30OTOIHOM CKEHHNMPO- 
BAHHH, MEYEHHBbIE C IOMONIbBR TAMMA-U3IYUYATEJIEH HN3KON SHEPTHUM. Tamma- 
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H3NyYaTelH HH3KON 9HePTHH HMeWT OCoÖble NPeuMylLIEeCTBa TIPM HCNONb3OBAHHH MX MIA MENHUHHC 
CKOTO CUHHTHNNAUMOHHOTO CKeEHHHPOBAHHUA TIO ABYM TIPHUHUHAM: 

19 CBHHUOBAaN 3aulHTa KONJIHMATOPOB 3HayuTenbHOo IhheKTuBHee. [1lo9ToMy MOXHO NPHMEHATB 
TOHKOCTEHHBIE KOJIIHMATOPbI C MHOTOKPaTHoH BOKyCHPOBKoA, AO6HBAaACh IIPH 9TOM Hau6onbuero 
TeoMeTpHuecKoro paspeuieHun, KH B CBASM C 9TUM—BO3MOXHOCTU O6HapyXKEeHHA He6onbLIMX NOpa- 
KeHHh. 

2» Tornomenue H3nyyeHHuA B TKAHAX OPTAHH3MAa OTPaHHUHBaeT TNyÖHHy OÖHapyKeHHA NOBpexner 
Huf. B KpynHbIX OPTaHaX, HanpHMep B NeUeHN, YCTPaHgeTcA HaloxeHHe N3NyYeHHA OT 3alHero 
oTaena opraHua. To no3BongerT nyuue o6HapyXxHBaTb 6bonee NOBEPXHOCTHEIE NOPaxeHHufn. 

Han6onee BaxHbIM TaMMa-Ha1yYamllMM PaAMOU30TONOM HU3KON 3HepTuH aBıaerca Hon-125. 
IIPM CKeHHHPOBAHHH IIMTOBUAHOÄ Kelle3bl OH HCNONB3yeTcaA B hopMe HonuNa. COOTBETCTBYPLHM 
CO@INUHeHHeM ANA CKeHHHPOBAHHR NeyeHH ABNIAeTCA MeyeHHaa MonoM-125 GeHuranpckan posa. py- 
TUM CoeAHuHeHHeMm apıaerca Hon-125—-CAI (neHarypupoBakHkblÄ TIPH BbICOKOA TeMmneparype anböy- 
MHH). YCTaHOoBNAeHO, YUTO TIPH CKeHHHPOBAHHH NOYeK Haubonee TIOAXOAALUIHM CO@AMHHEHHEeM MIA BHY- 
TPHMbILIEYHOTO BBEAEHNA BMECTE C THalypoHHAasoA C NenNbBP O6decneyeHHA PABHOMEPHOTO YPOBHA 
PaaHOaKTHBHOCTH B MOYKaxX ABıaerca Hon-125—-runnypaHh. 

Ilpyrum nmone3HbIM TaMMa-H3nyyamllHM PalHOH30TONOM HH3KOM 3HePTHUU, KOTOPbIÄ IPHMe- 
HAETCH IIPH MEAHLIHHCKOM CKEHHHPOBAHHH, ABNIAETCA PTyTb-197, KOTOPbIä MOXHO HCNONB30BATb 
EB BHAC XNOpHAa TIPH CKEHHHPOBAHHH TIOyeK MH CcenegeHnkn. Heo6xoAHMOo NPeAnmpHHHMaTb OcoÖble 
MepbI NPeAOCTOPOXHOCTH, UTOÖbI H36exKaTb MepeKpbIBaHHuf TIOoyeK H ceneseHKkuH. IIlpn Hucnonb30- 
BAHHH HEOTHAPHHa, MeyeHHOTO PTyTbw-197, monyyamT 6onee BbICOKOKAUECTBEHHbIE CKEHHOTPAMMEI. 
ITO COeAHHEHHE IIPHMEHFHETCA Takxe MIA YCTAHOBNEHHA NOKalH3alHM MOSTOBbIX ONyXoneh. 

O6cyxaamrTcA THUNHYHbIe CKeHHOTPAMMEI LIHTOBHAHOÄ XKenes3bl, MeyeHH, Cene3eHKH, TOUeK 
M MOSTOBEIX ONyXonef, MOAYYEeHHble C MOMOWBE TaMMa-H31yyarenefi HH3KOA 3HePTHUH, H OÖbIYHbIX 
PAAHOH3OTONOB H COEAHHEHHÄ, a TaKKE NOCTOHHCTBA NepBilX. 


COMPUESTOS MARCADOS CON EMISORES GAMMA DE BAJA ENERGIA PARA LA EXPLORACIÖN MEDICA 
MEDIANTE ISÖTOPOS. Los emisores gamma de baja energia presentan ventajas especiales para la explo- 
raciön meEdica por centelleografia. He aqui las razones: 

1. El blindaje de plomo de los colimadores es mucho mäs eficaz. Por tanto, pueden utilizarse colimadores 
enfocados con canales de tabiques delgados, lo que da un mayor grado de resoluciön geome&trica y permite, 
por consiguiente, detectar lesiones mäs pequenas. 

2. La absorciön de la radiaciön por los tejidos del cuerpo limita la profundidad a que las lesiones pueden 
ser visualizadas. En örganos de grandes dimensiones, como el higado, se evita la superposiciön de las radia- 
ciones procedentes de la parte posterior del örgano, lo que permite detectar mejor las lesiones superficiales. 

El emisor gamma de baja energia mäs importante es el !?°I. Para la exploraciön de la tiroides se utiliza 
en forma de yoduro. El Rosa Bengala marcada con !?°I es un compuesto adecuado para la exploraciön del 
higado. Tambien puede utilizarse albümina desnaturalizada por el calor, marcada con !2°I. Para la explo- 
raciön del rinön se ha comprobado que el hipurän marcado con 125] da buenos resultados cuando se inyecta 
por via intramuscular con hialuronidasa a fin de lograr un nivel uniforme de radiactividad en este örgano. 

Otro emisor gamma de baja energia muy ütil para la exploraciön medica es el !?’Hg que puede utilizarse 
en forma de cloruro para la exploraciön de los rinones y el bazo. Deben tomarse precauciones especiales 
para evitar la superposiciön del rinön y el bazo. La exploraciön da mejores resultados si se utiliza 197 Hg 
marcado con neohidrina. Este compuesto puede emplearse tambien para la localizaciön de tumores del cerebro. 

Los autores presentan centelleogramas tipicos de tumores de la tiroides, del higado, del bazo, del rinön 
y del cerebro obtenidos con emisores gamma de baja energia y con nüclidos vcompuestos tradicionales, yexami- 
nan las ventajas que ofrecen los primeros. 


Low-energy gamma emitters in the field of medical diagnostic proce- 
dures or more distinctly in the field of in vivo counting methods are those 
with a quantum energy below 150 keV. They are not very much in use for 
in vivo measurements because the tissue absorption below 150 keV is con- 
siderable. Corrections for losses in counts are dubious and depend upon 
variations in organ and body sizes of the patients. 

For medical scanning, however, these disadvantages are of minor im- 
portance since scanning has to be considered as a semi-quantitative mea- 
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surement. Differences in count-rates over different regions of the same 
organ are generally of much more interest than absolute values. 

On the other hand, collimation problems and detector sensitivity inscan- 
ning are much more important than is usual with in vivo counting methods. 
Here, however, low-energy gamma-rays offer a distinct advantage. 

As far as collimation is concerned the dimensions of the shield may be 
reduced. This leads to a reduction in the weight of the detector and per- 
mits shorter detector skin distances. In multi-hole collimators the walls 
of the separators may be reduced which leads to a higher aperture. For the 
same geometry the zone of penumbra is also reduced because of the more 
distinct limit between absorption in the shield and transparency in the open- 
ings of the collimator. 

All these factors lead to a better resolution of collimators in the case 
of low-energy gamma-ray emitters. In addition to this the efficiency of 
the Nal crystal is more satisfactory for low-energy radiation. The thick- 
ness of the crystals, and therefore the background, can be reduced and so 
a higher signal-to-background ratio results. In the case of extremely low- 
energy gamma emitters like Il125 an additional factor arises which influences 
the scanning conditions. For the 27-keV characteristic X-rays of Il25 the 
tissue absorption is so important that only such radiation is recorded which 
originates near the body surface. 

This is especially true in cases of very extended organs such as the 
liver as will be shown later. 
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STABLE TELLURIUM - 125 
Fig.1 


Decay scheme of 1!25 according to W.G. Myers 


Figure 1 shows the simplified decay scheme of 1125 designed from data 
compiled by MYERS [1] who was the first to emphasize the value of this 
isotope for medical purposes. The main energy is between 27.2-35.4 keV. 
There is a rather high gamma- and X-ray output of 144 + 6 per 100 disinte- 
grations. This is nearly twice as much as for I!?!. As compared with this 
latter isotope the electron energy of 112° resulting from conversion and Auger 
electrons is much lower and therefore there is much less radiation dose 
to the tissue per disintegration. 
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Table I gives a comparison of factors important for scanning of 125 and 
1131, Even for a layer of 6.3 cm of water placed between the source and the 


detector, the ratio of '"useless'' radiation per detectable photon is much 
better for 1125 than for II3l, It seems worthwhile to consider that a crystal 
only 1 mm thick will give nearly 100% detecting efficiency and that such a 
small crystal volume shows an extremely low background. 

For clinical thyroid scans I!?® is administered to the patient as iodide 
in the usual perora! way. Regarding the higher number of photons per dis- 
integration 15 uc is the standard dose as compared with 25 uc for I!?1. Fig- 
ure 2 shows a scan of a toxic adenoma of the thyroid in a 62-yr-old woman 
24 h after the injection of 25 uc of Il!31. Figure 3 shows a scan of the same 
patient taken 24 h earlier after the administration of 15 gc of Il2®. One can 
see that the outlines of the hot nodule are much clearer in the second pic- 


Fig. 2 


Scintiscan of the thyroid of a 62-yr-old woman with toxic adenoma after injection of 25 uc of [13 


ture than in the first one. In order to allow a comparison care was taken 
to register the same number of counts in both scans. The same collimator 
was used, a 7-hole focusing collimator of the ''Siemens Nukleograph''. In 
the case of I131 a 15-in to 13-in crystal and in the case of I! a 12-in to 
3-in crystal was placed in the shield. 

Scintiscanning with I!2° is not limited to small thyroids or toxic ade- 
nomata. HÖFER [2] reported that it is equally useful for fairly large 
goitres. 

Figure 4A shows a scan of a fairly extended intrathoracic goitre made 
with I131, One can see that there is a hot nodule in the left side within the 
intrathoracic thyroid mass. Fig.4B shows the scan of the same patient made 
with Il25 which was recorded one day earlier. In spite of the relatively deep 
position of the iodine-accumulating nodule it is fairly well outlined. In ad- 
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Fig. 3 


Scintiscan of the thyroid of the same patient as in Fig.2 after injection of 
15 uc of 1125 


dition to this the enlarged thyroid mass on the neck is much more easily 
distinguished than on the previous scan made with 1131, 

The very excellent results that we obtained in our thyroid scans with 
1125 encouraged us to use this isotope in routine thyroid examination. The 
normal dose is 15 uc, delivering sufficient gamma-and X-ray quanta for 
scanning as well as for the determination of PBl in a well-type crystal. To 
avoid the only disadvantage of the low-energy gamma-emitting I12, e.g. 
the inaccuracy of determining the thyroid uptake, we add 1 ac of 1121 to the 
15 uc I125 and we measure the uptake by means of a spectrometer set on 
the 364-keV line whereas scans and PBI are measured by using the I2radi- 
ation. 

Because of the much longer half-life of I125° (60 d as opposed to 8 d of 
1131), the high ratio of useful photons per tissue-dose delivered is lowered 
considerably since iodide has a long biologic thyroid half-life. The reduc- 
tion in thyroid dose calculated for the same counting accuracy is, however, 
still interesting. On an average the thyroid dose is between one-third and 
one-half of that delivered with the corresponding amount of Il31, 

The long half-life of I125 is not important for body dose or organ dose 
when iodide-labelled compounds with a short biologic half-life are used. 
This is the case in liver scanning. Apart from colloidal gold, Il31-]abelled 
Rose Bengal is the most commonly used radioactive compound for liver 
scans. Instead of I!31, I125 may be used for labelling. 

Regarding the considerable extension in the depth of the liver, the ex- 
ternal measurement in case of [125 is restricted to a rather superficial part 
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Fig.4A 


Scintiscan of an intrathoracic goitre after injection of 50 uc of I 


of the liver. This shows some advantages because one of the most limiting 
factors in liver scanning is the superimposition of non-affected tissue 
volumes to cold nodules. In the case of liver scans we have only cold no- 
dules to detect and cold nodules have a smaller tissue-nodule activity ratio 
than, for example, hot nodules in the thyroid. So the chances of detecting 
cold nodules are much less in a thick organ than in a thin organ, as is shown 
in aschema ic drawing in Fig.5. 

For a thick organ the limited penetration of low-energy gamma-rays 
effectively reduces the thickness of the organ and therefore improves the 
count ratio between the area over the nodule and the area of non-affected 
tissue, 

We tried to demonstrate this by using two equal phantoms made of l-cm 
Plexiglas and filled with Il25 and Il31 respectively (Fig.6). The phantoms 
show a depth on the inside rising from 3 cm to 10 cm on a length of 24 cm. 
On the inside of the upper wall of the phantom cold nodules in form of Plexi- 
glas cylinders are fixed varying indiameter and height from 1 to 2, 3 and 
4 cm. One row of the nodules is arranged in such a way that the largest 
nodule is on the side of the thinnest layer of activity and the other row is 
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Scintiscan of the goitre in the same patient as in Fig.4A after injection of 30 uc of 112 


fixed inversely so that the largest nodule is inside the thickest layer ofradio- 
activity. 

Figure 7 shows in (a) the scan of the Il31-filled phantom and in (b) the 
scan of the Il25- filled phantom. On this latter the cold nodules are much 
better outlined and the 2-cm-diam. nodules are easily distinguished whereas 
the 2-cm nodules on the I131 phantom are not detectable. Figure 8 shows 
the count-rates for 1131 and Il2° measured with a stationary detector over the 
nodules and the surrounding areas. The count-rate difference for I125 (un- 
interrupted line) is greater for all nodule dimensions and thicknesses of the 
radioactive layer than for Il31 (dotted line). These more favourable condi- 
tions for scanning are still present when the layer of inactive overlying tis- 
sue is increased from 1-cm Plexiglas to 4-cm Plexiglas, simulating a con- 
siderable obesity of the patient. Figure 9 shows the scans of the two phan- 
toms. On the Il?lphantom the 4-cm and 3-cm nodules are only faintly vi- 
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Fig. 5 


Differences in the pulse -rates of centres of the same size in organs of different thicknesses 
at the same geometry 


Fig.6 


Schematic drawing of a liver phantom made of Plexiglas 


sible. On the Il25 scan the 4-cm and 3-cm nodules are clearly distinguished 
and there is still a faint appearance of the 2-cm nodule. On this phantom, 
however, one sees the much lower pulse-rate of Il25 as compared with 1131, 
which is caused by the tissue absorption. There is much more statistical 
inaccuracy therefore on the Il25 phantom under 4-cm Plexiglas, which, 
however, can be overcome by applying a larger amount of the labelled com- 
pound. Because of the short biologic half-life of Rose Bengal even with 
a 10 times higher activity administered to the patient the liver dose will 


still be lower than with Il31, 
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Fig.7 


Phantom scintiscans with 1-cm Plexiglas between activity and detector 


(a) Phantom filled with 150 uc of I131 
(b) Phantom filled with 150 uc of 1125 


One may object to liver scans made with I!25 because they represent 
only the liver surface or, more accurately, the surface lying on the ab- 
dominal wall. There is much evidence, however, thatin this case liver 
metastases will still be detected. OZARDA and PICKREN [3] have shown 
that inlarge amounts of autoptic material, in 89% liver metastases were pre- 
sent also on the liver surface. Only 11% showed metastases in the depth 
of the liver without evidence on the surface. Surface in this case means 
the actual outside of the liver which can be inspected by the eye. Surface 
in the case of low-energy gamma scanning, however, means a superficial 
tissue layer of a few centimeters. Therefore one can expect the number 
of non-detected liver metastases, because of their situation in the deeper 
parts of the liver, to be in fact much lower than 11%. So far we do not have 
enough experience for a statistical evaluation of our own material but there 
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Differences in the pulse rates of I!?® and I!3! with 1-cm 
Plexiglas between activity and detector 


is much evidence that the ability to see smaller nodules will increase the 
number of detected liver metastases by scanning much more than a non- 
superficial spread of such metastases will decrease it. 

Figure 10 shows a liver scan made with Il3l Rose Bengal of a patient 
with a retothelial sarcoma of the stomach penetrating into the liver. One 
sees a zone of decreased activity extending from the port of the liver to about 
one-third of the right lobe. The same patient was examined with I25 Rose 
Bengal two days earlier, as shown in Fig. 11. Because the tumour was pene- 
trating the liver from the ventral side the tumour area is well outlined and 
shows hardly any activity. 

Figure 12 shows a liver scan made with colloidal gold on a patient with 
a rectum carcinoma. Au1l98 has nearly the same gamma energy as Il3l, The 
presence of a large metastasis on the lower margin of the liver had already 
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Fig. 9 
Phantom scintiscans with 4-cm Plexiglas between activity and detector 


(a) Phantom filled with 150 uc of I!3 
(b) Phantom filled with 150 uc of 112 


been found during the operation. Itis easily visible through a defect of fixa- 
tion of activity on the scan. Furthermore, there is a suspicion of a metas- 
tasis on the upper part of the liver. The Il2° Rose Bengal scan of the same 
patient performed one day earlier shows this metastasis much more dis- 
tincetly. On the extended metastasis on the lower margin one sees that a 
small zone of functioning liver tissue is still surrounding the metastasis 
(Fig.13). 

A disadvantage of Rose Bengalis its relatively short time of fixation 
within the liver. This requires a fairly rapid scanning speed to perform 
the scan in about 20 min. Colloidal heat denaturated albumin labelled with 
1125 stays longer in the reticulo-endothelial system of the liver and permits 
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Fig. 10 


Liver scintiscan of a 42-yr-old man with a retothelial sarcoma of the stomach; intravenous injection 
of 250 uc of 113! Rose Bengal 


scanning at a normal speed within 40-60 min. This compound proved to be 
very suitable for hepatic scanning. 

We have also tried to use I125 in form of labelled Hippuran for renal 
scans but we were not successful. The kidneys in most patients are beyond 
the depth limiting the useful application of the low-energy gamma- 
emitting 1125, 

Another low-energy gamma emitter of medical interest is Hg!?’. The 
decay scheme is presented in Fig. 14. Ofthe 78-keV gamma radiation, 29% 
is emitted. The main radiation, however, is a K-radiation of 68 keV. The 
half-value layer in water is 3.8 cm. Hg!?7 therefore is useful for scanning 
even such deep organs as the kidneys. We made our first attempts with 
mercuric chloride. Figure 15 shows the scintiscan of a patient who was 
nephrectomized on the right side. A considerable amount of activity is vi- 
sibile on the right side but this activity is accumulated in the liver. The 
slightly enlarged left kidney is visible in normal position but there is an 
additional fixation of activity in the upper lateral region of the kidney, due 
to a fixation of mercuric chloride in the spleen. The activity fixed in the 
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Fig. 11 


Liver scintiscan of the same patient as in Fig. 10 after intravenous injection of 250 uc of 112° Rose Bengal 


kidney is predominant 24 h later, and the liver and spleen are only faintly 
visible. 

Mercuric chloride therefore might be used for kidney scanning but24 h 
must elapse before the scanning is begun. A much higher percentage of 
kidney fixation of mercury is obtained with Neohydrin and hardly any accu- 
mulation outside the kidney is observed when using this compound. When 
we started our first experiments Hg!9’ Neohydrin was not available and we 
were forced to use mercuric chloride. For several months Hgl97 Neohydrin 
has been commercially produced and there is no longer any reason tö use 
Hg!?T chloride. Hgl?’T Neohydrin gives very excellent kidney scans as shown 
on Fig.16. The radiation dose delivered to the kidney with Hg197 Neohydrin 
is about 5% of the dose delivered with Hg?03 Neohydrin for the same counting 
accuracy. The problem of the radiation dose is important when Neohydrin 
is used for scanning of brain tumours. 1L>re is much evidence that Neo- 
hydrin is more efficient for this purpose than RISA. The amounts of ac- 
tivity that have to be administered for brain-tumour scanning are about five 
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Fig. 12 


Liver scintiscan of a 66-yr-old man with an inoperable rectum carcinoma; intravenous injection 
of 120 vc of Au! colloid 


to seven times higher than those required for kidney scanning. The radia- 
tion exposure of the kidneys therefore is consideralle in brain-tumour scan- 
ning and the advantage of Hgl?’ is evident. Figure 17A shows a scintiscan 
of an ependymoma made with Hg203 Neohydrin. There is an accumulation 
of activity in the left hemisphere and in the frontal lobe. Figure 17B shows 
a scan of the same patient made with Hgl9’ Neohydrin. The tumour area is 
much better outlined now and the size and position of the tumour are clearly 
revealed. 

We feel that Hg!?’ Neohydrin is preferable to Hg203 Neohydrin for kidney 
and for brain-tumour scanning because it allows one to obtain better quality 
scans and because it reduces the radiation exposure of the patient consider- 
ably. Itis still relatively expensive because of its short half-life but we 
hope that an increasing demand will improve the supply conditions and lower 
the price. 

Another low-energy gamma-emitting isotope of special medicalinterest 
is Tc99m , which has already been mentioned in this Symposium. The 
140-keV gamma-energy is still in the range of good quality collimation and 
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Fig. 13 


Liver scintiscan of the same patient as in Fig. 12 after intravenous injection of 120 uc of 1125 Rose Bengal 
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Fig. 14 


Decay scheme of Hg!” and Hg 203 


is not much affected by tissue absorption. The very short half-life of 6h 
and the absence of beta radiation keep the radiation dose to organs very low. 
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Fig. 15A 


Scintiscan of 43-yr-old woman who was nephrectomized because of a hypernephroma, made 2 h after 
injection of 170 uc Hg19’ C1,. Good concentration in the left kidney but also high concentration 
in liver and spleen 


Fig. 15B 


Same patient as in Fig.15A, 24 h after injection, showing better differentiation of activity in kidney, 
spleen and liver due to higher renalconcentration 
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Fig. 16 


Scintiscan of normal Ridneys made with Hg !?’ Neohydrin 


The physical properties of Tc99m are ideal for medical diagnostic work 
but there has not been much experience with the chemical and metabolic 
behaviour of Tc99m compounds. HARPER etal. [A] have shown some 
iodine-like behaviour of pertechnetate and they could obtain thyroid scans 
of a fairly good quality. They have found also that technetium may be co- 
precipitated with sulphur to a colloid showing a typical liver uptake and per- 
mitting liver Scans. 

We have tried to obtain cardiac scans with Tc99m and have found this 
isotope very useful because the extremely low radiation dose delivered to 
the body allows the administration of considerable amounts of activity. 
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Fig. 17A 


Brain scintiscan of a 22-yr-old woman with ependymoma in the left frontal lobe, after the injection 
of 700 uc of Hg20%8 Neohydrin 
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Fig. 17B 


Brain scintiscan of the same patient as in Fig. 17A after injection of 700 uc of Hg!” Neohydrin 
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DISECUSSTON 


P. HARPER;: I think this is an appropriate time to mention the work 
done by Dr. Schindler of the Department of Physiology, Baylor University, 
Texas, who has been studying the effects of therapeutic doses of 1125 in mice. 
The uptake in the thyroid was about 20% and biological half-time about 33 d. 
Doses of 200 ac per animal produced a calculated radiation dosage to the 
thyroid of about 100000 rad without appreciable alteration of the physio- 
logical function, whilst histological examination after many months showed 
that the glands were normal. Since most of the radiation dosage is produced 
by very low-energy short-range conversion electrons and Auger electrons, 
it seems reasonable to suppose that almost all of this energy is dissipated 
in the colloid where the isotope is localized. The gland is thus self-shielded. 
lf experiments in progress with hyperthyroid animals with no colloid in the 
follicles confirm this hypothesis, we shall have to alter substantially our 
view regarding I125 thyroid dosimetry. 

I should also like to point out that, with a specially designed collimator 
and beryllium window crystal, a further gain of 5 or 6 in sensitivity is pos- 
sible for I125 as compared with the sensitivity of conventional detectors for 
this isotope. 

M. BEN-PORATH: We cannot confirm Dr. Schindler's findings with 
mice. Preliminary results of a series of experiments we are carrying out 
on rats show that II25 radiation doses of 5000 rad to the thyroid do affect 
its function. The animals have not yet been sacrificed. I do not believe 
that the mouse is a suitable animal for thyroid investigations. The early 
work of Goldberg and Chaikoff with Il3l shows that radiation delivered to the 
thyroid of the mouse mainly affects the pituitary gland. 

I agree with Dr. Harper that specially designed equipment for 1125 de- 
tection would improve sensitivity, but as long as Il31 has to be used as well 
as I125 for diagnostic purposes, I think most institutions will find it difficult 
to provide different equipment for 1125 and Il31 detection. 

C. KELLERSHOHN: Have you done autoradiography with Tc99m? 

P. HARPER: Only with electrophoresis strips. 

D. KUHEL: We have used Il25-Rose Bengal for cylindrical liver scanning 
on the assumption that the low-energy emission, combined with the semi- 
circular patn, would permit a high efficiency examination of the entire outer 
surface layer of the liver. We found prominent images of the rib cage, how- 
ever, which confused the liver image to a significant extent, and we have 
ceased to use this agent. As you would expect, the lateral rib cage was the 
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more prominent. I should like to ask Dr. Scheer if he has seen rib images 
on his scans. 

K. SCHEER: We did not find that the ribs confused the liver image. 
This might be partly due to our collimator, which is only 1.5 cm thick, The 
collimator was only a short distance from the skin, and a rib would not cover 
more than one third of the openings. In anterior scans there is almost no 
bone from the thoracic cage lying over the liver. 

D. FOLLETT: I should like to ask how you calculated the tissue dose 
when using I25 compared with Il31,. We have made similar calculations for 
the two systems, optimized for 2-cm resolution diameter and the same count 
rate using a method similar to that used by Dewey and Sinclair. \\e obtained 
the same result as you, i.e. about one half the radiation dose with Il!25 com- 
pared with that with Il3l. This would seem to indicate the usefulness of the 
method used by Dewey and Sinclair, presuming your method was different. 

K. SCHEER: Our dose calculation was a fairly rough one based on the 
electron energy and the effective half-life calculated from the data published 
by the International Commission on Radiological Protection. Our values 
are probably too high. 

J.M. McALISTER: I should like to ask Dr. Ben-Porath what the esti- 
mated percentage uptake wasinthe lung metastases that he showed. 

M. BEN-PORATH: The uptake measured was 12-13%. We measured 
it with a wide-angle collimator at a distance of 50 cm, using a proper 
standard. 

H. VETTER: Speaking on behalf of Dr. Höfer, who is absent at present, 
I should like to question seriously the validity of Dr. Ben-Porath's method 
of measuring thyroid uptake of I125. I know. that Dr. Höfer has tried to use 
this isotope for thyroid uptake measurements and that he did not succeed. 
Thyroid uptake measurements are subject to a number of sources of error 
and I do not think it desirable to introduce unnecessarily a further one due 
to the very much increased gamma-ray absorption within the neck. The 
argument that the use of I125 would reduce the radiation dose to the patient 
is not convincing. If one wants to make full use of the acknowledged ad- 
vantages of 1125 for sample measurements in vitro without, at the same time, 
losing accuracy in measurements in vivo, the best course appears to be 
to administer a mixture of, say, 3 uc of Il3l for uptake measurement and 
15 uc of1125 forthe measurement of protein-bound I125 in serum. Dr. Höfer 
and others have shown that this is a fairly satisfactory method. 


TABLE I 


RESULTS OF UPTAKE MEASUREMENTS 
WITH I125 AND 1131 


24-h uptake 24-h excretion 24-h PBI-conversion ratio 
BEE SE 


Clinical 
diagnosis 


Hypothyroid 
Euthyroid 
Hyperthyroid 
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M. BEN-PORATH: It is possible to make uptake measurements with 
1125, using a proper phantom and standard. We use a 15-cm diam. neck 
phantom and a 30-ml standard (a plastic container 2.5 cm in diameter and 
6 cm high). We have compared the results of 229 thyroid uptake measure- 
ments carried out with Il25 and with Il3l (see Table I). From this table it is 
clear that there is no significant difference between the Il25 and the Il3l re- 
sults. In addition, 20 patients were given "cocktails! of 1125 and Il31 , and 
the results were almost identical. Thyroids larger than 60 g could not be 
measured accurately with Il25, and these cases are measured with Il3l. An- 
other parameter which shows the accuracy of the results is the 24-h re- 
covery (uptake plus urinary excretion). Normally the recovery is 80 - 90% 
for euthyroid and hyperthyroid patients. If we see a recovery much lower 
than the one mentioned, and there is no medical reason for it (as, for in- 
stance, renal disease), the uptake is repeated with I13l. 
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SCANNING WITH IODINE-125* 


M.BEN-PORATH, A. HOCHMAN AND J. GROSS 
THE MEDICAL PHYSICS SECTION, THE ONCOLOGICAL DEPARTMENT OF THE 
HADASSAH UNIVERSITY HOSPITAL, AND THE DEPARTMENT OF 
EXPERIMENTAL MEDICINE AND CANCER RESEARCH OF THE 
HEBREW UNIVERSITY, HADASSAH MEDICAL SCHOOL, JERUSALEM, ISRAEL 


Abstract — Resume — Annotauns — Resumen 


SCANNING WITH IODINE-125. The use ofI!® as I!25-jodide for scanning of the thyroid and of thyroid carci- 

noma metastases and as I!?°-]abelled Rose Bengal for scanning of the liver has been investigated in our 
laboratories. 
In some patients, the thyroid scans and the scans of thyroid carcinoma metastases were repeated with 
The liver scans were repeated with colloidal Aul!®®. Cold nodules in the thyroid which could not be 
detected with 1131 were clearly seen with 1125. Anterior metastases in the lungs could be differentiated from 
posterior metastases with 112°, while with I3! this was not possible. 

Using the same doses of radioactivity the background with I13! was much higher and could not be elimi- 
nated, as this would have reduced the counting rate over the lesions to levels which could not be detected. 

Some of the photoscans and mechanical scans of livers carried out with colloidal Au!l98 could not be 
interpreted. However, "cold" lesions were clearly seen on the scans of the same livers with 1125°-]abelled 
Rose Bengal. 


1131, 


GAMMAGRAPHIE AU MOYEN DE L'IODE-125. Les auteurs ont &tudie dans leur aboratoire l'emploi de !?51 
sous forme d’iodure pour la gammagraphie de la thyroide et des metastases de carcinomes thyroidiens, ainsi 
que l'utilisation du rose bengale marqu& avec !2°] pour la gammagraphie du foie. 

Chez certains sujets, les scintigrammes de la thyroide et des me£tastases de carcinomes thyroidiens ont 
Eete refaits avec 1311. De leur cötE, les scintigrammes du foie ont Ete refaits avec de l'or-198 colloidal. Les 
abc&s froids thyroidiens qui n'&taient pas detectes avec 131 devenaient nettement visibles avec 125], de meme, 
125] permettait de distinguer les metastases anterieures des metastases posterieures des pounions, alors que 
cette distinction n'&tait pas possible avec 1311. 

Pour les memes doses de radioactivite, le bruit de fond Etait beaucoup plus Elev& avec I et ne pouvait 
pas etre Elimine, car cela eüt ramen& l'intensit@ au-dessus des lEsions ä des niveaux impossibles ä detecter. 

Plusieurs photo-scintigrammes et m&canogrammes obtenus au moyen de 1'or-198 colloidal n'ont pas pu 
etre interpretes. En revanche, les scintigrammes des me&mes foies au moyen de rose bengale marqu& avec 
125] faisaient nettement apparaitre les leEsions «froides>>. 


CKEHHUPOBAHHE C NOMOUbP MONA-125. MHayuanocs ucnonb3oBaune Hona-125 B 
bopMe HoAnna, MeyeHHoTo HONOM-125, MIA CKEHHMPOBAHHA LIHTOBHIAHON Kenesbl HU MeTacTa3soB 
paka IIHTOBHAHOR xenesbl U B BUNe MeyeHHoH HoAoM-125 GeHnranbcKof po3bl ANA CKeHHMPOBAaHHA 
rleyeHH. 

Y HeKOTOPbIX 60NbHbIX CKeEHHUPOBAHHE IIMTOBHAHON Kenesbl U CKeHHNPOBAaHNe MEeTAaCTO30B 
paka MIMTOBHAHON xenesbl 65110 IIOBTOPeHo C HcnoN1B3oBaHneM Hona-131. CKeHHHpoBaHHe meueHn 
6110 MOBTOPEeHO C UCNONB3OBAHNeM KoNNOHAHOoTO 301n0Ta-198. "XonoAHble" y3elKH B WUMTOBHA- 
HOoN# xerne3e, KOTOPble He1b3A O6HapyXKHuTB C noMombm Hona-131, Opıım OTYeTNHBO BHAHbI TIPH CKeH- 
HHPOBaHHH c noMoubw Hona-125. C nomoubm Hona-125 MOXHO 65110 OTNMUHTB PaHHNHe MeTacTasbl 
B NeTKUX OT NO3AHHX, TOTAa KaKk C noMoubm Hona-131 caenarb 3To He yaaBanoch. 

Ilpu ucnonB30BaHuM OAMHAaKOBEIX 103, B cnyuae c HonoM-131 BoH Öbın 3HaunTenbHo Bbllle u He 
MOT ÖbITb BeieneH, TaK KaK I9TO CHH3HNO Öbl CKOPOCTB CyeTa Han TIOPAXEHHbIMH MECTAMH NO yPOB- 
HeÄ, KOTOpble HenNb3A OÖHapy%XKHTB. 


* The presentation of this paper was made possible by a travelling grant from the Israel Cancer 


Association. 
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HekoTopsle BOTOCKeHHOTPAMMbI HU MeXaHHYyecKHe CKEHHOTPAMMBI IIeYEHNU, BbINONHEHHBIE C 
NOMOLUBE KONNOHAHOTO 3010Ta-198 HenB3A OÖBACHHUTB. OAHaKo "XononHble" yyacTkH NopaxeHHA 
OTYETNUBO BUAHLI Ha CKeEHHOTPAMMAaX TIeyeHN TeX Ke 6ONbHbIX, ECM OHH CAenaHbI C TOMOLIBR Me 


yeHHoM HonoM-125 GeHranbcKoN po3bl. 


EXPLORACION CON YODO-125. Los autores han estudiado en sus laboratorios el empleo. de yoduro marcado 
con 125], para explorar la tiroides y las metästasis del cäncer de este örgano, y de Rosa Bengala, marcado 
tambien con !25I, para explorar el higado. 

En algunos pacientes, la exploraciön de la tiroides y de las metästasis del cäncer tiroideo se repitiö 
con 131], Las exploraciones del higado se volvieron a efectuar con 1%Au coloidal. Los nödulos frios de la 
tiroides que no se detectaron con !?!] pudieron en cambio obseryarse claramente con 12. Las metästasis 
pulmonares anteriores pudieron diferenciarse de las posteriores con 12°], lo que no fue posible con !%4. 

Para iguales dosis de radiactividad, el 13!I dio una actividad de fondo mucho mäs elevada que no fue 
posible eliminar, ya que ello habria reducido a valores indetectables il indice de recuento en la zona de las 
lesiones. 

Los autores no pudieron interpretar los resultados de algunas de las fotoexploraciones y de las exploraciones 
hepäticas con impresiön mecänica efectuadas mediante !%Au coloidal. Sin embargo, utilizando Rosa Bengala 
marcado con 125] pudieron observar claramente lesiones « frias>> en centelleogramas de higados ya ex- 
plorados con otros productos. 


One of the most widely used radioisotopes in medical diagnosis is undoubt- 
edly iodine-131. Its availability, low cost, convenient half-life and detecta- 
bility contribute much to this fact. On the other hand, its beta rays are of 
little use for tracer purposes, but contribute about 90% of the total radiation 
dose to small organs (like thyroid) and about 65% to the total body irradiation 
dose from internally administered Il3l,. Therefore, a quanta-emitting radio- 
isotope of iodine with a minimal beta emission should be preferred for diag- 
nostic work. Such an isotope is iodine-125, which has been suggested for 
medical radioisotope diagnosis by MYERS and VANDERLEEDEN [1]. 

For the past 14 months we have been routinely using Il25 for iodine up- 
take studies, thyroid scans, localization of thyroid carcinoma metastases, 
and I!25-]abelled Rose Bengal for liver scans. Some of the scans were re- 
peated with I131 or colloidal Aul%, 


MATERIAL AND METHODS 


The scans were performed with an FH96-Frieseke-Hoepfner Scinti- 
scanner, with a 2-inX2-in Nal(Tl) crystal. Mechanical, optical and mag- 
netic recordings, and profiles were obtained simultaneously. 

For thyroid scans 25uc of 125 or 75 uc of I13l were administered orally. 
The thyroid was scanned 24 h later, with a 31-hole focusing collimator, at 
a 2.5-mm/s scanning speed. The distance between scanning rows was3mm. 
Replay speed (when necessary) was 10-20 mm/s. 

For lung scans, or for the exploration of iodine-concentrating metas- 
tases, doses of 300 uc-500 uc of 1125, or 500 le of I131 were used. After 
24h, anterior andposterior scans ofthelungs were performedata2 .5-mm/s 
speed, distance between rows 4-6 mm. 

An X-ray picture of the patient's chest was taken while the patient was 
lying on the scanner stretcher. The photoscanning device is located directly 
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underneath the scanned area of the patient, so that the resulting photoscanno- 
gram is obtained on the X-ray picture without moving the patient or the film 
from the X-ray exposure to the end of the scanning. 

For liver scans, a dose of 3uc/kg I125-labelled Rose Bengal was in- 
jected intravenously. Scanning was started 20 min later, at a 5-mm/s speed, 
from down upwards. The distance between rows was 6mm. Colloidal Aul98 
was injected at the same concentration, the scan was started 60 min later, 
ata 2.5 mm/s speed. The lungs and liver were scanned with a 5-mm diam., 
80-mm long, straight-bore collimator. 


RESULTS AND DISCUSSION 


The improved resolution, after both scannings, of I!2® as compared to 1131 
has been reported by several workers [2, 3,4]. We show this effect in Fig.1. 
A patient with an enlarged thyroid and with 3 palpable nodules (Fig. 1a) was 
given a tracer dose of 25 uc of I125. The scanning of the thyroid was per- 
formed 24 h after administration of the dose when the thyroid uptake was 
40%. The photoscan, recorded on Kodak industrial film type M, is shown 
in Fig.1b. Allthree nodules are visualized as ''cold'' lesions. The scanning 
was repeated 24 h after the administration of another tracer dose of 75 uc 


Fig.1 


Thyroid scans 
(a) Outline of thyroid and nodules 
(b) Photoscan with 1125 
(ce) Photoscan with 1131 


1131, The thyroid uptake was 42%. The photorecording is shown in Fig.lc. 
With 1131 only the two larger ''cold'' nodules are seen. These results were 
expected as the palpable diameter of the smallest nodule was 5 mm, while 
the point source resolution* of the 31-hole collimator used for the scanning 
was 5. 1mm for 1125 and 8.2 mm for I13l. 

The use of Il125 for localization of iodine-concentrating metastases of 
cancers of the thyroid shows an even greater advantage over I!?l. Figure 2a 
shows an X-ray of the lungs of a patient suffering from follicular adeno- 
carcinoma of the thyroid. This roentgenogram was defined by the roentgeno- 


* As defined by DEWEY and SINCLAIR [5]. 
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Fig. 2 


Scans of thyroid carcinoma metastases 
(a) Chest X-ray of patient 
(b) Anterior scan with I131 
(c) Anterior scan with 1125 
(d) Posterior scan with 1125 
(e) Superimposed picture of a, c, d 


logists as '"'without pathological findings''. The patient was given a tracer 
dose of 500 uc Il3l, and a scannogram of his neck and chest was obtained. 
The photorecording is shown in Fig.2b. A substernal nodule is seen, and 
two fociin the Jungs. In addition the liver and the stomach are also clearly 
seen, but the background is diffuse and complicates thelocalization. Attempts 
to eliminate the background by replays from the magnetic memory did not 
improve the contrast. Eight weeks later scanning was repeated after a dose 
of 500 uc of 1125. The neck and chest photoscans are shown in Fig.2c. The 
localization is similar to that obtained with I131, with the difference that only 
the metastases in the right lobe are visualized and the background is virtu- 
ally eliminated. A posterior scan of the patient shows foci of concentration 
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in both lobes (Fig. 2d). Superimposing the chest and back scans we see the 
same lesions as with I131, with the exception that no background interfered 
on the 1125 photoscans. Figure 2e is a superimposed picture ofa, c andd. 
The possibility of differentiating between anterior and posterior metastases 
is illustrated in another patient (Fig.3). This patient showed a miliary 


Fig.3 
Scans of thyroid carcinoma metastases 
(a) Chest X-ray in scanning position 


(b) Anterior scan 
(ce) Posterior scan 


spread of metastases through the lungs (Fig. 3a). Figures 3b and 3c are 
the chest and back photoscans after 500 uc of 1125. In this case the scans 
were recorded directly on the exposed roentgenogram of the patient, in the 
actual scanning position. In this case Ilford medical X-ray films were used. 
Here again we see the anterior and posterior lesions differentiated. 

For the determination of the existence of iodine-concentrating lesions 
in the lungs it is sufficient to perform integral anterior and posterior uptake 
measurements. For accurate localization of the lesions, a chest- and back- 
scan with Il25 gives a more detailed picture. 

Fig.4a is photoscannogram of a normal liver, with I125-]labelled Rose 
Bengal. Immediately after the scanning with Rose Bengal, a dose of col- 
loidal Aul98 was injected irto the patient. Figure +b is the photoscannogram 
with colloidal Aul9, which was carried out 60 min after the injection. The 
general picture is the same; the differences in the outlines are due to dif- 
ferent scanning speeds. 

The photoscan of the liver of a patient with surgically proved cyst, in 
the extreme right edge on the upper surface of the liver, carried out with 
I125-]abelled Rose Bengal, is shown in Fig.5a. The cyst can be visualized 
in this picture. Scanning ıhe same liver with colloidal Aul9 the picture in 
Fig.5b was obtained. This picture would pass as ''normal', although with 
the fore-knowledge of the location of the cyst the density is less in this 
region than in the rest of the liver. This effect is obviously due to the fact 
that the cyst absorbed only a small fraction of the 410-keV y-rays from 
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Fig.4 


Scans of normal liver 
(a) With I125-Jabelled Rose Bengal 
(b) With colloidal Au!” 


Fig.5 


Scans of liver with cyst in anterior right edge 
(a) With I!25-]abelled Rose Bengal 
(b) With colloidal Au!98 


Au1l9, while absorbing a significant part of the soft 27.4-keV X-rays from 
1125, 


CONCLUSION 


In in vivo studies of "cold'' lesions in the thyroid and liver, 1125 permits 
a more accurate and sensitive localization than I131 and Aul9, Similarly 
1125 gives a much more accurate localization of iodine-concentrating meta- 
stases of thyroid carcinoma, permitting differentiation of lesions occurring 
at differing depths in the body. 


SCANNING WITH IODINE-125 er 
ACKNOWLEDGEMENTS 


We acknowledge the valuable technical assistance of E.M.Reich and 
Mrs.S. Kornitzer-Baron. 


REFERENCES 


[1] MYERS, W.G. and VANDERLEEDEN, J.C., Radioiodine-125, J. nucl. Med. 1 (1960) 149. 

[2] ENDLICH, M., HARPER, P., BECK,R., SIEMENS, W. and LATHROP, K., The Use of I-125 to Increase 
Isotope Scanning Resolution, Amer.]. Roentgenol. 87 (1962) 148. 

[3] FELLINGER, K., HÖFER, R. and VETTER,H., Scintigraphie der Schilddrüse mit 112, Nucl.-Med. 
3 .1(1962) 20. 

[4] CHARKES, N.D. and SKLAROFF, D.M., The Use of I-125 in Thyroid Seintiscanning. Amer.J. Roentgenol 
90 (1963) 1052. 

[5] DEWEY, W.C. and SINCLAIR, W.K., Criteria for Evaluating Collimators Used in "In Vivo" Distribution 
Studies with Radioisotopes, Int. J. appl. Rad. Isotopes 10 (1961) 1. 


. n | ei 

D f 4 - A 

e_ va ee Ei,% N 
. Er Eu u h GEH We ’ e as 
’ >. DE] erırrue ve B 
e \ >, erilug Alle ; 


u 


VI 


CHRINICAR APPTICATIONS: "BRAIN 


‚ ° 
° 
= 
wo 
= rn 
3 5 
A 
® 
B 
u 
a“ 


irn, 
[ = 


As Br FU EHRT 


Ps u 


DESIGN AND FUNCTION OF A BRAIN SCANNER FOR 
CLINICAL USE * 


W. PAUL AND T.P. MORLEY 
DEPARTMENT OF PATHOLOGICAL CHEMISTRY AND DEPARTMENT OF 
SURGERY, UNIVERSITY OF TORONTO, CANADA 


Abstract — Resume — AnnoTaunsı — Resumen 


DESIGN AND FUNCTIONOF A BRAIN SCANNER FORCLINICAL USE. Since thehuman brain isbilaterally 
symmetrical and possesses unusualresistance to many substancesin the blood stream, ithasbeen suggested thatradio- 
active scanning for thisregion may be best performed with an instrument made especially forthe purpose. A scanner 
is described which was designed to be used as a screening device for brain-tumour suspects, so that high sensi- 
tivity, simplicity of patient preparation and ease of reading and interpretation were primary requirements. 

Brownell's equation relating radioactivity concentration to diameter of resolution indicates that the re- 
quired radioactivity per unit volume is inversely related to the sixth power of the resolution diameter. Ac- 
eordingly, a maximum permissible diameter of resolution was chosen consistent with satisfactory localization 
of areas of increased radioactivity. Precise delineation was not required. Since the number of detected dis- 
integrations per unit time is an inverse function of the square of distance, two detectors each with a short 
"focus" are used rather than one detector which must be made optimal for the mid-sagittal plane. 

The 2-in-diam. crystal and photomultiplier assemblies are mounted opposite one another on a rigid 
scanning frame, each fitted with a seven-hole (hexagonal) focusing collimator designed for a 1.5-cm reso- 
lution diameter and a focus 8 cm from the collimator face. The frame scans rectilinearly in the sagittal plane. 
The scan record is presented as an asymmetrogammagram and as separate left and right photographic two- 
dimensional displays. Pulses from each detector are fed to an amplifier-discriminator circuit and thence to 
a difference circuit which prints a left or right marker to indicate a predominance of left or right radioactivity. 
Pulses from each amplifier-discriminator circuit also go to count-rate meters which in turn activate lamps 
mounted in a light-tight housing. The two lamps, the light intensity of which is a function of activity measured 
by the respective detectors, are mounted on a common arım moved by Selsyn motors synchronous with Selsyn 
generators on the detector frame, thus permitting the use of a remotely placed recording unit. Cylindrical 
lenses focus the lamp sources on film, both right and left records being made simultaneously on anll-inx14-in 
X-ray film. Although the operator may adjust mean lamp current to a proper predetermined value over a 
wide range of count rate, a great deal of latitude is given the operator by the inclusion of three sheets of film 
in the cassette each providing optimum contrast for a different range of count rate. 

Patients are given 350 ce of I!?! human serum albumin after previous treatment with Lugols solution 
and scanning is performed between 24 and 72 h later. A single scan is usually sufficient. Scans on some 
patients are repeated in the antero-posterior direction. 

On 653 patients 789 scans were made from September 1961 to November 1962. There was a confirmed 
diagnosis in 109 of these patients, 88 having tumours. Twenty-three of 30 glioblastomas and 15 of 19 menin- 
giomas were clearly located. 


ETUDE D'UN APPAREIL DE SCINTIGRAPHIE DUCERVEAU - SONRÖLECLINIQUE. Du faitde la symetrie du 
cerveau humain et de sa rösistance particuli®re A de nombreuses substances du flux sanguin, ilsemble que la scinti- 
graphie du cerveau puisse Etre effectu&e dans les meilleures conditions avec un appareil specialement congu 
ä ceteffet. L'auteur d&crit un scintigraphe destine ä verifier la pr&sence de tumeurs du cerveau, qui r&pond 
en premier lieu aux conditions suivantes; haute sensibilit&, simplicit€ des op£rations de pr&paration du patient 
et facilit€ de lecture et d’interpretation. 

La relation de Brownell entre la concentration de radioactivite et le diam£tre de r&solution montre que 
la quantit& de radioactivit€ n&cessaire par unit€ de volume est inversement proportionnelle ä la sixieme puis- 


* This development was supported by a series of grants-in-aid of the Ontario Cancer Treatment and 
Research Foundation. 
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sance du diame&tre de resolution. C'est pourquoi on a choisi le plus grand diame&tre de r&solution compatible 
avec une localisation satisfaisante des zones de radioactivit€ accrue. Une d@limitation precise n'Etait pas 
n&cessaire. Le nombre de desintegrations detectees par unit€ de temps variant en fonction inverse du carre 
de la distance, on utilise deux d&tecteurs ayant chacun une courte focale, de preference ä un dEtecteur qui 
doit Etre regl& sur le plan me&dian du cerveau, 

Le detecteur ä cristal de 5 cm de diamötre et le photomultiplicateur sont montes l'un en face de l'autre 
sur un cadre rigide, chacun d’entre eux Etant muni d'un collimateur ä focalisation ä sept canaux (hexagonal) 
ayant un diamötre de resolution de 1,5 cm et un foyer ä 8 cm de sa face ant&rieure. L'exploration est faite 
lineairement dans le plan sagittal. Le scintigramme se pr&sente sous la forme d'un asymetrogammagramme 
et de repr&sentations photographiques separees, gauche et droite, ä deux dimensions. Les impulsions de chaque 
d&tecteur passent dans un circuit amplificateur-discriminateur, puis dans un circuit differenciateur qui imprime 
un signe ä gauche ou ä droite pour indiquer une predominance de radioactivit€ ä gauche ou ä droite. Les 
impulsions sortant de chaque circuit amplificateur-discriminateur passent Egalement dans des d&bitm£tres 
qui, ä leur tour, actionnent des lampes dans une chambre noire. Les deux lampes, dont l'intensit€ lumineuse 
est proportionnelle ä l'activit& mesure par le detecteur correspondant, sont mont&es sur un meme support mü 
par des moteurs Selsyn synchronises avec des gen&rateurs Selsyn fixes sur le cadre du d&tecteur, ce qui permet 
d’utiliser un dispositif enregistreur plac€ ä une grande distance. Des lentilles cylindriques focalisent la lumiere 
&mise par les lampes sur un film, les enregistrements A droite et A gauche £tant effectues simultan&ment sur un 
film A rayons X de 36 x28 cm. Bien que l'op£rateur puisse r@gler le courant moyen des lampes A une valeur 
determinde A l'avance d'une gamme &tendue de taux de comptage, il dispose d'une grande latitude gräce A 
l'insertion dans le magasin de trois films donnant chacun le contraste optimum pour une gamme differente de 
taux de comptage. 

On administre aux patients 350 uc d’albumine de serum humain marqu&e avec !?J, apres traitement 
pr&alable avec la solution de Lugols, et on proc2de A la scintigraphie apr2s un delai de 244 72h. Normale- 
ment, un seul scintigramme est suffisant. Dans certains cas, on en fait un second dans la direction antero- 
post£rieure. 

De septembre 1961 aA novembre 1962, l'’auteur a effectu& 789 scintigrammes sur 653 patients. Dans 
109 cas, le diagnostice a Et€ confirme, 88 patients pr&sentant des tumeurs. L’auteur a nettement localise 
23 glioblastomes sur 30, et 15 me&ningiomes sur 19, 


YCTPOUCTBO U $YHKIHA IIPUBOPA MIA CKEHHUPOBAHNUS MOSTA U ETO KIIH- 
HMMECKOE NCINOJNBSOBAHNE. Tax Kak MOST yenoBeka o6nanaeT ABYCTOPOHHeÄ CHMMETpHeH 
MH Heo6bIYHOH CONPOTHBNAEMOCTBE B OTHOMEHHH MHOTUX BeMECTB, CONePKamauxcah B KPOBH, Npen- 
nONaTaeTca, YTO PANHOAKTHBHOE CKeHHHPOBAHHE ITOH O6NACTH Ny4UWe BCeETO OCYMECTBAATBC noMomb® 
cneumanbHoToNnpH6opa. Maerca orMcaHnne CKeHHepa,TIpelHa3HayeHHOTO MIA BEIABIEHHAR 6ONBHBEIX C 
NpeArnonaraeMbIMH ONVXONAMM MOSTa. IlpH 9TOM OCHOBH5IMH TPEe6OBAHHAMH K IPH6OPY ABNANIHCB BbI- 
coKaA UYBCTBUTENBHOCTB, IPOCTOTA NOATOTOBKHU NAUHeHTAa, UTeEHHA M HHTEPNPeTAaUHH AaHHBIX. 

B ypasnuenun BpayHenna O0 COOTHOWEHHH MeXKAV KOHUEHTPALUMeÄ PalNHOaKTHBHOCTH H AHa” 
METPOM pa3pelieHNuA yKasbIBaeTcAH, UTO YPOBEHb HEeO6XOAHMOH PalHOAKTHBHOCTH Ha eAHHHUY 06% - 
eMa O6paTHO TIPOTIOPLIMOHaNeH MECTON CTeneHH AuHaMerpa paspeumeHnHn. COOTBETCTBEHHO MaKcH- 
MalbHO NONVCTUMbIÄ INaMeTD Daspemenng BbI6MDancaA B BABUCHMOCTH OT VAOBNETBODHTENBHOH 
NnOKann3aaumn o6nacrTef C TIOBbIMEHHON PalHOaKTUHBHOCTBW. TOUHBIX KOHTYPOB He TPe60Banoch. 
IlocKonbky KONHYecTBo O6HapyXHBaeMbIX pacmanoB Ha eNHHHLUY BPeMEHH NPencTaBınseT co6boü 
o6partHuyw bYyHKUHW KBanparTa PaccToAHHA, LeNeCOO6PasHee HCNONB3OBATB ABa NeTeKTopa c Ko- 
POTKUM '"'boKycoM",aHeoNnHH HeTeKTop, KOTOPpbIä MONKeH ÖbITb ONTHMANBHEIM B CpeaHe-caruHT- 
TanbHOH MMOCKOCTH. 

Kpnucrannnueckaa c6opka AHaMEeTPoOM 5CM H BOTOyMHOXHTENBHAaA C6OPKA MOHTHPYWTCA 
ApyT TIPOTUB ApyTa B KecTKof CxeMe CKeHHHPOBAHHA, TIPHUeM Kaxaas c6opka cHa6xaerca $doky- 
CHPyPIIHM KONJIHMATOPOM C CEMbE OTBEDCTHAMH ( B TeEKCATOHANbBHOM MOPAAKE), HIPeNHasHayeH- 
HbIM 1A TIONy4eHHA IMaMmeTpa paspemenHnn 1,5CM H doKkyca Ha PaCCTOAHHH BCM OT NOBEPXHOCTH 
KONMIMMATOPpa. CKEHHHPOBAHNE BENETCH IIPAMONMHeÄHO B CATHTTANBHOÄ MIOCKOCTH. CKEHHOTPaM- 
Mbl IIPEACTABNAMTCA B BUAe ACHMETPOTAMMATPAMM H PpasdenbHbIX NeBoTo H nPaBoro BoTorpa- 
PuuecKuX NByXpa3MepHbIX U306paxeHnl. MMNyNbChI OT KaXA0oTo NeTeKTopa NONamTcH Ha KOHTYP 
YCHNMTENB-INHCKPHMHHATOP HU 3aTeM Ha AubhepeHuManbHbIM KOHTYP, KOTODBIÄ TIeyarTaer NeBym 
HAM IPaBy® OTMETKH C lIeNbP TIoKa3a TIPeo6nanaHuA KOHLNECHTPAUHH PaNHOaKTHBHOCTH CNeBa unH 
enpaBa. HNmnynbcbl OT KaXA0TO KOHTypa YCHINTeNB-AUCKPHMHHATOP TIOHAWTCH TaKxe Ha nepe- 
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CueTHble YCTPOÄCTBa, KOTOpble B CBOW OYepenb BO3ÖyKAamT NaMIIbl, VCTAHOBNEHHBIE B CBeToHe- 
MPOHHLIAEMOM TIOMeUIEHHH. Be NaMTibl. UHTEHCHBHOCTB CBETA KOTODBIX IDeACTABNAET Co6of ÖVHK- 
UN AaKTMBHOCTH, H3MEPEHHOÄ COOTBETCTBYPUHMHMH NETEKTOPaMH, MOHTHPYEPTCH Ha 0o6meH non- 
CTaBKe, NepenBHTaeMoHÄ C NIOMOMBP ABHUTaTenef CenbcHHa B CHCTEME AeTeKTopa CHHXPOHHO C 
TeHepaTopaMH CenbCHHa, TeM CaMbIM AaBaA BOSMOXHOCTB IIPHMEHATB VCTAHOBNAEHHYW Ha pac- 
CTOAHUH PeTUCTPHPyPMyE yCTaHoBKy. llunnuHapnyeckHe NHH3bI BOKYCHPYPT NaMNOBbIe HCTOYHHKH 
Ha NNIEHKy, IPH 9TOM PeTHCTpauma KaKk CNpaBa, Tak H CNeBa OCyWMECTBNAAETCH ONHOBPeMEHHO Ha 
PeHTTEHOBCKON MIeHKe paSMepoM 28 X 36cM. XOoTA oMepaTop MOXET YCTAHOBHTb COOTBETCTBy- 
PılyP NpenBapuTenbHOo ONpeneneHHyP Be1HYHHy CpelHeh CHAbI TOKa NaMIlbI B IIHPOKOM AHanasaoHe 
CKOPOCTH c4eTa, ONepaTopy npenocrTasınerTcah 6onbWan CBO60Na B CBA3H C HanHyuHeM B Kaccere 
TpeX NNeHOK, KaXıaal 43 KOTOPbIX O6ecneuNBaeT ONTHMANbBHYyB| KOHTPACTHOCTb B Pa3/IHYHOM AHa- 
na30He CKOPOCTH cCyerTa. 

Ilaunentam BBonunnch 350 MKmpH Hona-131 c C5IBOPOTOYHBIM anbÖyMHHOM yenoBeka nocne 
NnpeaBapHTenbHON O6Pa6oTKH PacTBopoM JImronA. CKEHHHPOBaHHe OCylEeCTBNANoch yepes 24-72 
yaca. ÖO6bIuHo 6bINO AOCTATOYHO MONYYEeHHA ONHOM CKEHHOTPaMMbI. Y HEeKOTOP5IX MalMeHTOB 
CKEeHHOTPAMMbI CHHMAJHCB NOBTOPHO B NepenHe-3alHeM HanpaBrleHun. 

B nepnoa c ceHta6pa 1961 rona no Hon6pb 1962 rona y 653 maumeHToB 6b1no CHATO 789 ckeH- 
HOTpaMmM. Y 109 naumeHToB 43 STorTo yucna AHarHO3 noATBepAnncHa, y 88 naumeHToB ÖbInH O6Hapy- 
KeHbl ONyXonu. Bbina ycTaHoBneHa noKkannsauna 23 us 30 TnnHo6nacrom u 15 us 19 MeHHHrTHoM. 


DISENO Y FUNCIÖN DE UN APARATO DE EXPLORACIÖN DEL CEREBRO PARA USO CLINICO. Como elcerebro 
humano tiene una simetria bilateral yesexcepcionalmente resistente a muchas de las sustanciascontenidasenla 
corriente sanguinea, su exploraciönradiactiva debe efectuarse con un instrumento especialmente concebido para este 
fin. Elautor describe un dispositivo para la detecciön de tumorescerebrales, cuyasprincipales ventajasson: elevada 
sensibilidad, sencillez de las operaciones de preparaciön del paciente y facilidad de lectura e interpretaciön de 
los datos. 

La ecuaciön de Brownell, que establece la relaciön entre la concentraciön de radiactividad y el diämetro 
de resoluciön, indica que la radiactividad necesaria por unidad de volumen es inversamente proporcional a la 
sexta potencia del diämetro de resoluciön. En consecuencia, el autor eligi6 un diämetro mäximo compatible 
con la localizaciön satisfactoria de las regiones de mayor radiactividad, siendo posible prescindir de una delimi- 
taciön muy exacta. Como el nümero de desintegraciones detectadas por unidad de tiempo varfa en funciön 
inversa del cuadrado de la distancia, se utilizan dos detectores de «foco> corto en lugar de un solo detector 
que deberfa adaptarse a un valor Öptimo para el plano sagital medio. 

Los cristales de 2 pulg de diämetro, unidos a sus fotomultiplicadores, estän montados frente a frente en un 
bastidor rfgido de exploraciön; cada uno de ellos estä dotado de un colimador enfocado de siete canales hexa- 
gonales, con un diämetro de resoluciön de 1,5 cm a una distancia focal de 8 cm desde su plano anterior. El 
aparato explora rectilfneamente el plano sagital. El registro se presenta en forma de un gammagrama asimetrico 
y de representaciones fotogräficas bidimensionales separadas para el lado izquierdo y para el lado derecho. Los 
impulsos procedentes de cada detector pasan a un circuito amplificador-discriminador y, de Este, a un circuito 
diferenciador que imprime una sefial a la derecha o a la izquierda para indicar el predominio de la radiactividad 
en uno u otro de estos dos lados. Los impulsos procedentes de cada circuito amplificador-discriminador pasan 
tambien a integradores de impulsos que encienden lämparas montadas en una cämara oscura. Las dos lämparas, 
cuya intensidad luminosa es funciön de la actividad medida por los respectivos detectores, estän montadas en un 
mismo brazo movido por motores sincrönicos Selsyn, con generadores Selsyn montados sobre el bastidor del 
detector, lo que permite utilizar un dispositivo de registro situado 4 distancia. Varios lentes cilfndricos enfocan 
la luz de las lämparas sobre pelfcula radiogräfica de 11 x14 pulg, obteni@ndose simultäneamente un registro del 
lado derecho y del izquierdo. El operador puede ajustar la intensidad media de la corriente que circula por la 
lämpara a un valor previamente determinado en un amplio intervalo de intensidad de recuento, pero dispone de 
un vasto margen de trabajo, ya que puede introducir en el cargador tres pelfeulas, cada una de las cuales posee 
un contraste Öptimo para una gama diferente de intensidad de recuento. 

Entre 24 y 72 h antes de efectuar la exploraciön se administran a los pacientes 350 uc de seroalbümina 
humana marcada con !?!] despu&s de un tratamiento con soluciön de Lugol. Una sola exploraciön suele ser 
suficiente. En ciertos casos la exploraciön se repite en direcciön anteroposterior. 

Entre septiembre de 1961 y noviembre de 1962 se efectuaron 789 exploraciones en 653 pacientes. Para 
109 de ellos el diagnöstico se confirm6: 88 tenfan tumores. De 30 glioblastomas, se localizaron claramente 23; 


de 19 meningiomas se localizaron 15. 
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Entre septiembre de 1961 y noviembre de 1962 se efectuaron 789 exploraciones en 653 pacientes. Para 
109 de ellos el diagnöstico se confirm6: 88 tenfan tumores. De 30 glioblastomas, se localizaron claramente 23; 


de 19 meningiomas se localizaron 15. 


1. INTRODUCTION 


After several years of experimental work in brain scanning it became 
apparent that there was a need for a brain scanning system that would meet 
the requirements of simplicity and reliability associated with a routine scan- 
ning procedure. About 25 patients per week were available as suitable sub- 
jects for a safe, painless test for a possible intracranial space-occupying 
lesion. High cost and limited availability as well as certain limitations in 
lesion affinity ruled out arsenic-74, which had been previously investigated 
[1,2] as the tracer for a standard test. The most readily available tracer 
was I13l human serum albumin for which there was a well documented ex- 
perience in brain tumour detection. This source in the medium energy range 
was chosen as the basis for the instrument development, with provision to 
be made for other anisotropic sources of higher and lower gamma energy. 

A display system was required which would present high visual con- 
trast between the levels of count rate measured in the 'target'' and "'non- 
target'' regions wherever they occurred, yet there had to be a minimum 
loss of information since the operator could not easily determine beforehand 
at which level of count rate the high contrast was needed. This paper will 
describe the instrument developed for the purpose and the assessment of 
the instrument based upon the findings in 1187 patients scanned in a period 
of 26 months. 


2. THE SCANNER 
2.1. Detector arrangement 


Since the instrument was to be used primarily for brain scanning there 
was no need to compromise the physical arrangement for scanning of other 
areas of the body. With the patient supine the symmetry of the head about 
a mid sagittal plane permits the use of two detectors. Two opposite de- 
tectors offer at least two advantages. The first is dependent on the short 
focal distance for which the collimators may be designed. Count ratein 
a gamma detector is proportional to the inverse square of the distance from 
the source. Each detector collimator is focussed for a distance of 13 cm 
from the crystal face instead of the 25 cm necessitated by a single detector 
focussing to the mid sagittal plane. The second advantage is the laterali- 
zation information which may be obtained by continuous direct comparison 
of activity in the two detectors. 


2.2. Detector resolution and sensitivity 


According to Brownell's analysis [3] the number of recorded quanta 
per resolution area r d2/4 for a focussing collimator is proportional to the 
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fourth power of the resolution diameter d. It therefore seemed desirable 
to use the largest value of resolution diameter, for the new scanner, which 
would still be acceptable for diagnostic purposes. 

The detector system finally evolved, consisted of 2-in diam. crystals 
mounted permanently in Harshaw "integral line assemblies'' with a colli- 
mator of seven hexagonal holes in 2 in (5l mm) of lead. The effective re- 
solution diameter is of the order of 2 cm, measured in a water phantom, 
as shownin Fig.l. 


5» 60 30 N 20 


Fig.1 


The isosensitivity curveofthe 7-hole collimatorin water, as obtained with a "point" source of iodine-131 


2.3. Mechanical operation 


The detectors are mounted in opposition with the distance between them 
adjustable so that they can be positioned as closely as possible to each 
patient's head. The detector units are held at the top.of two steel columns 
(Fig.2) mounted on a common crossbar which is driven horizontally by a 
lead screw activated by a reversible constant speed motor. The speed is 


Fig. 2 


View of the opposed detectors, with stretcher removed, showing the adjustable head-rest 
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adjustable by change gears, but all the scans cited in this report were per- 


formed at 2.1 mm/s. 
The entire horizontal drive system is mounted on a counter-balanced 


carriage which is moved vertically by a lead screw activated by another 
reversible motor. 

Although the scan may be performed with the uniform motion in either 
the vertical or horizontal direction, the scans reported here were all made 
with the detectors starting at the top in the horizontal direction with a step 
downward of 8 mm as each horizontal excursion was completed. 

Horizontal and vertical adjustable limit switches, which may be ad- 
justed to the head shape and size of each patient, are provided. 

Each of the drive systems is connected by a chain drive to a magslip 
transmitter which in turn activates a receiver on the two-dimensional re- 
cording system located at a convenient distance from the scanner. Gears 
linking the various drives and lead screws are so arranged that the recording 
carriage moves at the same speed as the detector carriage (Fig.3). 


Fig. 3 


View of the remote display unit 
The magslip receivers are on the left, the light-tight box is on the right with the cover removed to show 
the arrangement of the lamp enclosures. 


2.4. Elireultey 


A block diagram of the pulse handling systems is set out in Fig.4. The 
detector assemblies include cathode follower output circuits which feed into 
conventional pulse amplifiers. The Schmidt discriminators are set to pass 
pulses corresponding to 0.25 MeV and over. The discriminator output pulses 
of fixed amplitude and shape are fed to a count-rate meter and a 16:1 scaler. 
The scaled pulses from the left and right detectors enter a glow transfer 
tube subtraction circuit which indicates left or right predominance of radio- 
activity. 


DESIGN OF A BRAIN SCANNER 87 


LEFTg& 


DETECTORS RIGHT 
PRINTERS 


(AGG) 


LINEAR AMPLIFIER 
AND 
DISCRIMINATOR 


Fig. 4 


Block diagram of the pulse handling and recording systems 


Each count-rate meter operates a lamp mounted on the remote display 
unit through a lamp control circuit. The adjustable control is provided so 
that lamp current can be changed through a small range for any given count 
rate. 


2.5. Display 
(a) Asymmetrogammagram (AGG) 


The difference circuit operates two solenoid-actuated levers mounted 
on the common crossbar (section 2.3) of the scanner. When the right detec- 
tor registers 80 pulses more than the left the right lever is driven to the 
platten printingacurved mark on the paper fastened to it, at the same time 
electrically resetting the difference circuit to zero. When the left detector 
registers 80 pulses more than the right detector the adjacent left lever re- 
gisters a straight mark on the paper and resets the circuit to zero. 

When the detectors operate at exactly equal count rates neither right 
nor left marking lever is actuated. BROWNELL and SWEET [4], who first 
described this type of display called it an "Asymmetrogammagram'" (AGG). 


(b) Photographic records 


The count-rate meters are provided with a visual display used by the 
operator to verify that radioactivity in the detector field is within usable 
limits. The lamps operated by the lamp circuit shown in the block diagram 
(Fig.4) are housed in adjustable tubes mounted on a carriage of low mass 
which is moved in a horizontal plane by the magslip receivers cited in sec- 
tion 2.3 (Fig.3). The lamp carriage is moved within a light-tight housing on 
the underside of which is mounted a cassette containing a pack of three 
ll inx14 in X-ray films (28 cm x 36 cm). The filament of each lamp is 
focussed on the film with a cylindrical lens. A mask fitted at the end of 
each lamp housing adjusts the line of light to the required length. 
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3. BPROCEDURE 
3.1. Time relationship of scan to tracer administration. 


Each patient was given 350 um of I131 Jabelled human serum albumin 
intravenously after previous treatment with 1 cm3 of aqueous solution of 
iodine, B.P. Ordinarily a lateral scan was performed from 24 to 72 hlater. 
If a vascular malformation was suspected the first scan was made right 
after administration followed by another after the usual lapse of time. Ad- 
ditional scans whether lateral or antero-posterior were performed in only 
a small percentage of cases. 


3.2. Preparative details 


With the patient supine and head on the three point head rest a vertical 
and rotational adjustment of the head rest was made to obtain the most com- 
fortable head position. The detectors were then moved to the temporal area 
of the patient's head and the lamp currents set to 20 mA, by the lamp cur- 
rent adjustment potentiometer (section 2.4.). The temporal region usually 
displays the highest level of radioactivity in the scanned area. The 20-mA 
current generates a light intensity which exposes the most remote of the 
three films to a density of 0.5 (Figs.5 and 6). 

The detector carriage was then returned to the "start'' position and scan- 
ning begun at the superior frontal corner of the scan rectangle. The de- 
tectors move horizontally between adjustable limit switches stepping down- 
ward (posteriorly) 8 mm at each traverse. The scanis finished when the 
lower vertical limit switch is reached. The period needed for scanning was 


IA 


rarely more than 30 min. 
3.3. Positioning and recording 


(a) For the AGG the operator sketches an outline of the patient's head 
on a centimeter-ruled graph paper with the aid of a rectangular grid etched 
on the two transparent plastic plates between which the patient's head is held. 
This outline is traced on to the printed AGG record itself at the end of the 
examination (Fig.”). 

(b) In order to have an accurate outline of the head a soft radiograph of 
the head is made to superimpose precisely on the photoscan. Reference 
points on the radiograph and the photoscans ensure accurate super-imposition 
The radiograph is taken at the end of the examination: the detectors are 
placed out of the way at their lowest position and a standard X-ray cassette 
is clipped to the plastic plate on the left; exposure is by means of an X-ray 
tube placed as far away from the head as possible (in our examining room 
this distance is 170 cm). 


3.4. Interpretation 
Records were read and reported in writing on the basis of the scan re- 


cords alone, with no information as to the neurological findings or those 
of other special investigations. Verbal reports on positive or suspicious 
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OPTICAL DENSITY 


3000 5000 7000 9000 
COUNT RATE (cpm) 


Fig. 6 


Optical density:of film plotted against counts per minute 
The numbers designate proximity of the film to the light source. "1" is nearest the lamp and "3" the 
most remote. The solid curves represent optical density versus count rate with the lamp control at its 
most sensitive setting. The dotted curves show the least sensitive setting. 
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Fig. 7 


The AGG record showing the left occipital localization observed in the photographic records. 


records were made directly to the physicians requesting the scan, by the 
technician. This verbal communication was a clinical necessity but it was 


invariably followed by the written report of one of the authors (W.P.) and 
this formed part of the permanent record. 


4. RESULTS 


A follow-up of the 1187 patients scanned is divided as shownin Table I. 
The records for 62 patients were not obtainable. Most of these were out- 
patients who have not returned for further treatment. Most of the 928 pa- 
tients having negative (or questionable) scans were shown by subsequent 
investigation not to have a space-occupying intracranial mass, but a small 
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TABLE I 


SUMMARY OF 1187 CASES 


Verified brain tumours 161 

Positive scans, verified non- 36 
neoplastic, or unverified 
brain tumours 

Negative scans, diagnosed or 928 


still in question 


Negative scans, subsequent 62 


history not available 


number remained under suspicion for cerebral tumour and were placed in 
the 'brain tumour suspect' category. Thirty-five patients had positive loca- 
lizations with verified non-neoplastic lesions in most cases. Several re- 
main unverified. Some of the unverified cases were known to have primary 
metastasizing tumours with a high probability of intracerebral secondary 
growths but surgery was considered inadvisable. 

A further breakdown of the 161 proven intracranial neoplasms is set 
out in Table II according to pathological type’and the numbers of positive 
localizations. 


9. DISCUSSION 


The objective of this study is to determine the extent to which the limi- 
tations in design imposed on the instrument, to permit routine use, inter- 
fered with its effectiveness in detecting intracranial mass lesions. Effec- 
tiveness can only be judged by comparison with reported results of other 
investigations since at the present time there is no universally acceptable 
phantom for the purpose. 

The overall percentage of correct localizations, 65%, is lower than the 
73% reported by McAFEE and TAXDAL [8], or the 85% reported by 
SCHLESINGER et al. [5]. The results may not be strictly comparable be- 
cause it may be assumed in both reports that records were read with know- 
ledge of the clinical findings, since there was no statement to the contrary 
in either report. A further factor affecting the final percentage figure is 
the acceptance, in the reports cited, of neuroradiological evidence as suffi- 
cient verification of positive findings. A much more significant determining 
factor is the nature of the cases referred for brain scanning. If the 12-month 
period from November 1962 to November 1963 were used instead of a 
26-month period (Table II), the overall correct localization figure rises 
from 65 to 75%. This is so because a much smaller number of patients with 
possible pituitary tumours or posterior fossa tumours were referred for 
scanning, after the first 14 months! experience. It will be observed in 
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ANALYSIS OF SCAN 


TABLE II 


SIN 161 VERIFIED BRAIN TUMOURS 


26 months 


bald 


14-month period Succeeding 
12 months 
Pos. Neg. Pos | Neg Pos. Neg. 

Glioblastoma multi- 23 7 23 2 46 9 

forme and malignant 

astrocytoma 
Meningioma 15 4 15 3 30 7 
Metastatic carcinoma 6 7 13 b) 19 12 
Gliomas, benign ® 4 N 1 4 b) 
Posterior fossa 0 8 1 4 1 1 

tumours (acoustic 

neuroma 5, haemangio- 

endothelioma 5, 

astrocytoma 1, metastatic 

carcinoma 1, ependymoma 1) 
Pituitary tumours 0 a 1 il 1 8 
Epidermoid cyst 0 1 0 al 
Cysticercosis cyst 0 il 0 
Pineal tumours 1 il de 
Cerebral microgliomatosis il 0 1 0 2 
Meningeal carcinomatosis 0 l 0 

Totals; 49 39 90 18 104 


Table II that the inferiorly placed neoplasms are most difficult to detect as 
are benign gliomas, in agreement with the observations of other investi- 


gators [5] and [7]. 


It would appear then that the percentage figure of accuracy is below 
the reported range considering the whole series, but if the last year only 
is considered, with its reduced incidence of inferiorly placed tumours, an 
accuracy equal to the careful study of McAfee and Taxdal is attained. 
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An alternative approach is to examine more closely those proven lesions 
which were missed. In addition to pathological type and location, further 
factors of size, whether or not there is cyst fluid, the lapse of time be- 
tween tracer administration and scanning [5] , the number of repeated scans 
and the performance of an A-P (antero-posterior) scan, influence the out- 
come of the radioactive scan procedure. 

The benign gliomas (astrocytomas), the epidermoid cyst and the cysti- 
cercosis cysts show low levels of radioactivity rendering their localization 
unlikely unless they are associated with formation of cyst fluid which may 
concentrate 1131 [6]. 

The posterior fossa tumours and pituitary tumours are masked by scalp 
muscle and shielded by bone. The acoustic neuromas in this area take up 
a moderate amount of tracer but were not easily located in the lateral scans. 
SHY in reference [7] was able to demonstrate these lesions by scanning in 
the A-P direction. Haemangioendotheliomas too take up a moderate amount 


of tracer but are difficult to localize because of their location in the posterior 
fossa. 


The meningeal carcinomatosis case was of a thin layer of cells in the 
meninges and with its diffuse symmetrical distribution of neoplastic cells 
was not likely to absorb enough tracer to provide a contrast in the photo- 
graphic records. 

There were twelve metastatic tumours; three were suprasellar, one 
a thin (small volume) growth and in two the multiple deposits were so widely 
distributed that localization was not possible. Of the remaining six, two 
were considered very suspicious in the correct site, and four were missed 
completely. Two were malignant melanomas for which there is little in- 
formation available concerning the uptake of I131, 


The seven meningiomas included three tuberculum sellae and olfactory 
groove, and one suprasellar. The fifth was a very thin en plaque growth. 
We do not know why there were false negative findings in three cases. 


The nine false negatives of fifty-five malignant gliomas included two 
which had to be scanned soon after tracer administration; one which at the 
time of scanning several months prior to surgery was probably still a benign 
glioma and one which had so widely infiltrated a large area that it was con- 
sidered simply as an error in orientation of the patient's head. The re- 
maining five were read with varying degrees of suspicion, but by our stan- 
dards were negative. 

It may be assumed that the twelve falsely negative scans of gliomas, 
meningiomas and metastatic tumours were missed because of small size, 
or low uptake of tracer. These may have been localized with the aid of larger 
crystal detectors, collimators with a narrower resolution and a more time- 
consuming scanning programme, both for a single scan and with repeated 
scanning. A further improvement might have been obtained by the use of 
a tape recorder to retain all the scan information for repeated playback and 
high contrast recording. There is, however, no reason to believe that all 
of these would have been localized. 

Similarly the five acoustic neuromas may have yielded some positive 
findings with A-P scanning. It should be noted that the added time and effort 
would have been applied as well to all 1187 patients to achieve the improved 


94 W. PAUL and T. P. MORLEY 


incidence of positive findings and this would nullify the premise that the sys- 
tem to be devised was for routine investigation and screening. 


6. SUMMARY AND CONCLUSIONS 


A scanning instrument was designed and constructed for particular appli- 
cation to routine scanning of brain tumour suspects. Maximum sensitivity 
is achieved by the use of two opposite detectors with wide focussing colli- 
mators. Photographic recording is effected on three films to retain maxi- 
mum scan information. A left-right difference circuit with printout (AGG) 
is used to assist in lateralization of areas of localization. This fea- 
ture is particularly useful in determining whether a localization is 
to the left or right when the photographic records are nearly equal. 
Inferiorly placed asymmetries which may not appear on the photographic 
record because of the masking effect of the overlying temporalis muscles 
will often be demonstrated in the AGG. 

An analysis of 1187 cases is presented with particular reference to the 
proven cases of intracerebral neoplasms in which a positive diagnosis was 
not made by the scanner. 

The number of 'false negatives! could have been significantly reduced 
only by spending much more time over each examination, that is, by re- 
peating the scan over a larger interval and by conducting A-P scans. Using 
the technique and instrumentation here described we decided that in our cli- 
nical setting the few extra correct results so obtained would not have justi- 
fied slowing up the whole programme. We look to improved instrumentation 
and other radioisotope preparations to overcome the deficiencies in our exa- 
minations. For example, the use of collimators of narrow resolution to- 
gether with larger crystals would give more clearly defined localizations. 
Improvement in detection can also be expected when a large-crystal, sta- 
tionary detector of proven superior performance is available. 

On the whole, the system described here for routine operation by non- 
professional technicians has been a very satisfactory method of screening 
for cases of brain tumour suspects and as an examination for pre-operative 
anatomical localization of the lesion. In its latter application it is supplant- 
ing arteriography and pneumography in an increasingly higher proportion 
of cases. 
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Abstract — Resume — Anunotauns — Resumen 


RESULTS OF POSITRON SCANNING IN 1200 CASES FOR DIAGNOSIS OF INTRACRANIAL LESIONS. The 
positron scanning method with Cu®iand AsT4 for the diagnosis of brain tumours has the advantage over y-scanning 
methods that it needs a shorter test time and moreover involves less irradiation hazards. This is especially 
true with Cu (half-life 12.8 h), which may be used in studies on out-patients. From the degree of concen- 
tration of the radioactive substance in the tumour, its type may be determined. In combination with cerebral 
angiography, the diagnosis of the type of tumour is still better established, a fact which is very important in 
determining the indication for operation. In the present study, the exactness of the diagnosis amounted to 
75-80% of all cases of brain tumours. 

The most easily recognized lesions, through their high ability to concentrate the isotopes, were the 
meningiomas, abscesses and glioblastomas, while the oligodendrorogliomas and astrocytomas showed less ability 
to concentrate the radioactive substance and hence were less easily recognizable. A group of astrocytomas and 
almost all epidermoid tumours did not show any ability to concentrate the radioactive substance and in this 
group the combination. with cerebral angiography is important for determining the diagnosis. The method of 
positron-scanning has proved of great value in excluding tumours in cases of suspected symptomatic epilepsy; 
the exactness of diagnosis here amounted to 90%. The combination of electro-encephalography with scanning 
showed similar accuracy in tumour diagnosis as well as tumour exclusion, so that arteriography and/or hospital 
admission could be dispensed with whenever combined negative findings and lack of clinical symptoms were 
found. The value of this method in examination. of out-patients is thus clearly demonstrated. 


DIAGNOSTIC DE 1200 CAS DE LESIONS INTRACRÄNIENNES PAR SCINTIGRAPHIE AU MOYEN DE PO- 
SITONS. Pour le diagnostic des tumeurs du cerveau, la scintigraphie au moyen des positons Emis par Cu et 
TAAs pr&sente l'avantage sur la gammagraphie de r&duire la dur&e de l'exploration et de diminuer les risques 
d’irradiation. Il en est surtout ainsi pour Cu (p&riode de 12, 8 h), qui peut &tre utilis€ sur des patients non 
hospitalises. Le degr@ de concentration de la substance radioactive dans la tumeur permet d'identifier le type 
de cette tumeur. En combinant cette methode avec l'angiographie c&r@brale, on peut augmenter encore la 
süret€ du diagnostic du type de tumeur, ce qui est tr&s important pour dEcider de l’opportunit€ d'une intervention 
chirurgicale. Dans l'&tude qui a fait l’objet du m&moire, on a obtenu une pr&cision de 75 A 80% dans le diag- 
nostic de tumeurs du cerveau de toutes sortes. 

Les l&sions les plus faciles A reconnaftre du fait de leur aptitude 4 fixer les radioisotopes sont les m&- 
ningiomes, les abc2s et les glioblastomes; les oligodendrogliomes et les astrocytomes pr&sentent une tendance 
moindre & fixer la substance radioactive et sont donc moins aisement d@celables. Certains astrocytomes et 
presque toutes les tumeurs Epidermiques n'ont aucune tendance A fixer la substance radioactive; pour ce groupe, 
il est indispensable de combiner la scintigraphie avec l'angiographie c&r&@brale pour poser le diagnostic. 

La scintigraphie au moyen des positons a fait ses preuves lorsqu'il s'agit d'&liminer I’hypoth2dse d'une 
tumeur dans des cas d'&pilepsie; la säret@ du diagnostic atteint 90%. On a obtenu la m&me pr&cision en com- 
binant l'&lectroenc&phalographie et la scintigraphie, tant pour identifier une tumeur que pour Ecarter 1'hypo- 
th2se de son existence. On peut ainsi Eviter l’art€riographie et l’hospitalisation chaque fois que l'’ensemble 
des conclusions est negatif et qu'il n'’existe aucun symptöme clinique. La valeur de cette methode dans le 


cas de patients non hospitalises est donc bien €tablie. 


PE3YJIBTATbI 1200 CHAYYAEB IIO3UTPOHHOTO CKEHHNYPOBAHNA MIA YCTAHOB- 
JIEHNUA IMATHO3A BHYTPYUMEPEIIHbIX 3ABOJIEBAHNNM. MeroA nOSHTPOHHOTO CKeHHHPO- 
BaHHA C UCHONB3OBAHUeM MeAu-64 u Mbllubaka-74 MIA YCTaHOBNEeHNA ANMaTHOo3a onNyXonefi MOsTa 
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HMEET IpeHMyIIeCTBo epeA MeTolaMH Y-CKeHHUPOBaHHA, TaK Kak Tpe6yer MeHbLle BpeMeHH H 
Kbome Toro CBA3aH c MeHblIeh ONaCHOCTBW o6nyueHna. O9To OCoO6eHHO CnpaBeAnHBo B OTHOLIEHHN 
Mean-64 (nepmoa nonypacnana 12,8 uacoB), KOTOPaA MOXET NIPHMEeHATBCA ANA UCCNEeNOBAHHA am6y- 
naTopHbIX 60NBHbIX. Bua onyXonM MOXeT ÖbITb onpeneneH NO KOHUEHTPaUMH B Hell panHoaKTuB- 
Horo BewmectBa. Eme nyyue paspa6orTaHa AHarHOCTHKa TuNa ONyXonM B KOMÖHHAUMN C aHTOTpa- 
&meAi cCocyaoB TONOBHOTO Mo3Ta, YUTO OUeHb BAXHO IIPH ONpeneneHun NOKasaHnf K ONepauuM. B 
AAHHOM HCCNEeAOBAHHH TOUHOCTB AHarHosa cocrasımna 75—-80% Bcex cnyuaeB onyXonefi TONOB- 
HOTO Mo3ra. 

K sa6oneBaHnaM, KoTopble nerye Bcero PacmO3HAaWTCA BCNEACTBHE HUX BbICOKOM CNOCo6- 
HOCTH KOHUEHTPHPOBAT5 YKa3aHHble H30TONbI, OTHOCATCH MEHHHTHOMBI, adbCleCChI HU TNMO6NACTOMBI, 
TOTAa KaK ONNTOAEeHAPOTNHOMbI U ACTPOLUHTOMEI B MeHblIef CTefieHu CNOCOÖHbI KOHUEHTPHPOBATb 
PaANHOaKTHUBHbIeE BeWECTBAa U NO9TOMYy pacnosHamTca TpyAHee. I'pyrına aCTpPOUMTOM MH TIOYTH Bce 
STIHAePMOHAHBIE ONYXOM He CIIOCOÖHbI KOHUCEHTPHPOBATb PanHOoaKTuBHbIe BeulecTBa MH B ITUX cny- 
yasX KOMÖHHAUHA C aHTOTPahbHeÄ CocyAOoB TONOBHOTO MO3Ta UMeeT BaxHoe 3HayeHNe MIA yCTa- 
HOBAIEHHA AMaTHO3a. MeToA NOSUTPOHHOTO CKeEHHNHPOBAHHF OKa3alca OYUeHb UEHHEIM TIPH HCKIW- 
yYeHHH AMATHO3a ONYyXoNnM B cAIyyasaX mpennonaraeMoA CHMNITOMATHYEeCKOA INIHNEeNCHA; TOUHOCTB 
AnarHo3a cocTasıaer 3necp ao 90%. Ilpu KoMÖHHaunn IneKTposHuebanorpabun Co CKeHHAPO- 
BaHNHeM O6HapyxeHa ONHHaKOBaA TOUHOCTB KaK IIPH YCTaHOBNEHHH, TaK MH IIPH HCKNWYEeHHH MHaTHo3a 


ONyXoNnH, YTO NO3BONAT O6oÄÜTHCB 6e3 aprepnorpa hun H/unH TocnHTannsaunHu Bo BCex c1yyaax,Korna 
MOANy4YeHa KOMÖHHAUNA OTPHUATENBHEIX MAHHBIX U OTCYTCTBYyPT CHMNTOMbI 6onesHn. DTo NoA- 
TBepxAaeT UeHHOCTb MeToNa NPH O6CNEeANOBAaHUN aMm6yNaTOPHBIX 6ONBHEIX. 


EXPLORACIÖN POSITRÖNICA PARA EL DIAGNÖSTICO DE LESIONES INTRACRANEANAS: RESULTADOS 
DE 1200 CASOS. La exploraci6n positrönica con “Cu y ’#As para diagnosticar tumores cerebrales ofrece la 
ventaja de que requiere menos tiempo y entrafia menos riesgos de irradiaciön que los m&todos gammagräficos, 
especialmente cuando se recurre al %Cu (perfodo: 12,8 h), que puede emplearse en enfermos ambulantes. EI 
grado de concentraciön de la sustancia radiactiva en el tumor permite determinar el tipo de este ültimo. Si 
se combina ese me&todo con la angiograffa del cerebro se puede diagnosticar aün mejor el tipo del tumor, lo 
que tiene suma importancia para determinar si una intervenciön quirürgica estä indicada. En el estudio que 
se describe en la memoria los diagnösticos fueron correctos en el 75-80% de todos los casos de tumores cerebrales. 

Las lesiones que con mayor facilidad se reconocen debido a su gran tendencia a concentrar los is6topos 
son los meningiomas, los abscesos y los glioblastomas, mientras que los oligodendrogliomas y los astrocitomas, 
que son menos capaces de concentrar la sustancia radiactiva, resultan mäs diffeiles de reconocer. Un grupo 
de astrocitomas y casi ninguno de los tumores epidermoideos son capaces de concentrar la sustancia radiactiva 
asf que, en este grupo, es importante confirmar el diagnöstico por angiograffa del cerebro. El m&todo de la 
exploraciön positrönica ha demostrado su gran utilidad para descartar la presencia de tumores en casos en que 
se sospecha epilepsia sintomätica; el diagnöstico ha resultado correcto en el 90% de dichos casos. La combi- 
naciön de la electroencefalograffa y la exploraciön ha sido tan eficaz para diagnosticar como para descartar la 
presencia de tumores, gracias a lo cual se ha podido renunciar a la arteriograffa y a la hospitalizaciön del en- 
fermo cuando los resultados han sido negativos y no se han observado sintomas clfnicos. El valor de ese me&todo 
para examinar pacientes ambulantes ha quedado, por lo tanto, claramente demostrado, 


The positron-scanning method as it has been used for 5 yr inthe Neuro- 
surgical University Hospital of Cologne has proved to be a valuable method 
for the diagnosis of brain tumours as well as for the exclusion ofthe presence 
of a brain tumour. This diagnostic method is quickly performed and com- 
fortable for the patient. The radiation dose is very low, particularly if Cu6 
with a half-life of 12.8 his used. The whole procedure lasts only 15 min. 
This methodis therefore easily applied to outpatients also. For recordingthe 
scintigram two scintillation counters register by coincidence-measurement 
simultaneously the incident radiation from the zones of local isotope accumu- 
lation in side projection on the one hand, and by a special counter-system 
the y-impulses on the other. If the impulses of the right hemisphere pre- 
dominate curved markers are printed, and with a prevalence ot the impulses 
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Fig. 1 
Upper Left-sided precentral meningioma 
Middle Left temporal glioblastoma 
Lower Left te nporal astrocytoma 


from the left hemisphere straight markers are printed. In this way a pre- 
cise localization of the site of local isotope accumulation is possible. 

The most definite evidence for the presence of a brain tumour lies in 
the localized accumulation of radioactivity. The degree of accumulation 
allows one to draw conclusions on the type of tumour.(Fig.1). The upper 
picture in Fig.1 shows a left-sided precentral meningioma which, because of 
the strong uptake of activity, differentiates itself clearly from the middle 
one which shows a left fronto-lateral glioblastoma, while the lower picture 
shows a left temporo-parietal astrocytoma. 

Meningiomas are always characterized by high uptake of radioactivity 
and are therefore easily diagnosed, as is shownin Fig.2. This is a left- 
sided sphenoidal meningioma and Fig.3 shows a parasagittal meningioma. 
Also in cases in which the angiography does not give a definite diagnosis of 
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Fig.2 Fig. 3 


Left-sided sphenoidal meningioma Parasagittal meningioma 


the type of tumour it is possible to diagnose a left-sided parietal meningioma 
from the scan, as is shown in Fig.4. The same is true for a cerebello- 
pontine-angle meningioma as is demonstrated in Fig.5. However, small 
suprasellar meningiomas cause diagnostic difficulties. 

Glioblastomas (Fig.6) show a definitely lower uptake of radioactivity 
as in this case of left-sided parietal glioblastoma. It is not always possible 
to differentiate between glioblastomas, oligodendrogliomas and astrocytomas 
on the grounds of activity uptake alone. In such conditions the angiography 
and clinical course must be taken into consideration. Sometimes even astro- 
cytomas of the fibrillary type show lower activity than the normal side. 
Figure 7 shows the angiogram and the positrocephalogram of a 40-yr-old 
female patient in whom, because of the clinical course, a temporal astro- 
cytoma was suspected. The angiogram showed a left-sided temporal 
space-occupying lesion and the positrocephalogram showed more activity 
on the right side than on the left, allowing a diagnosis on the left side. In 
such cases our experience shows that the lesion is usually either a congenital 
tumour or an astrocytoma. Operation and pathological examination there- 
after verified the presence of an astrocytoma. The possibility of diagnosing 
the type of the tumour in such cases is valuable for determiningtheindication 
for operation. 
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Fig.4 


Angiogram and scan of a left parietal meningioma; 
the angiogram does not permit a diagnosis of the type of tumour, whereas thehigh uptake ofradioactivity 
apparent from the scan, is considered typical for meningioma. 


Fig.5 


Cerebello-pontine-angle meningioma 
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Fig. 6 


Angiogram and scan showing a left-sided parietal glioblastoma 


Fig. 7 


Angiogram and scan of a left-sided temporal astrocytoma. 
Tumour uptake is low compared with the right side. 
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This case indicates that a diagnosis of the type of tumour is possible by 
a combination of positrocephalogram and angiogram even if an isotope accu- 
mulation is lacking. Particularly in the case of epidermoids which do not 
take up radioactivity the diagnosis of the type of tumour is possible because 


Fig. 8 


Angiogram and scan of a left-sided temporal epidermoid. The tumour does not take up radioactivity. 


of the typical angiogram and the higher number of impulses in the normal 
side (Fig.8). 

While the combination of angiogram and positron scanning in the clinical 
examination provides important conclusions on the type of tumour, it is the 
combination of EEG and positron scanning which permits an improved diag- 
nosis of the presence or the exclusion of a brain tumour in the outpatient 
celinic. If the positron scanning as well as the EEG examination is negative, 
and if in addition there are no signs of increased intracranial pressure, 
pneumencephalography and angiography can be abandoned. 

In 416 patients with clinically confirmed brain tumours (Table I)we found 
the greatest diagnostic accuracy in meningiomas followed by brainabscesses, 
and some rare tumours like gangliocytomas, neurofibromas, sarcomas and 
metastatic brain tumours. We are able to diagnose glioblastomas in 78%, 
and oligodendrogliomas in 75%, ofthe cases, while astrocytomas accumulate 
radioactivity in only 58% of all cases. Altogether 76% of the cerebral 
tumours showed an accumulation of activity. 

In 56 patients suspected of tumour recidivation (Table II), a recidivist 
could be ascertained by clinical examination (EEG, angiography and ence- 
phalography) in 41 cases, and a recidivist could be excluded in 15 cases. 
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TABLE I 


RESULTS OF POSITRON SCANNING FOR 
416 CLINICALLY CONFIRMED BRAIN TUMOURS 


Abnormal No 


Brain tumours isotopic isotopic 
concentration concentration 


Meningioma 


Glioblastoma 


Oligodendroglioma 


Astrocytoma 
Spongioblastoma 
Ependymoma 
Neurinoma 

Sarcoma 

Pituitary adenoma 
Cranio-pharyngioma 
Epidermoids 


Gangliocytoma 
Neurofibroma 
Zylindroma 


Metastatic 
tumours 


Brain-stem tumours 


Undetermined 
(not operated) 
tumours 


Abscesses 


99 
(24%) 


TABLE II 


RESULTS OF SCANNING IN 
PATIENTS SUSPECTED OF BRAIN TUMOUR RECURRENCE 


Confirmed Not 
confirmed 
41 15 
36 20 


Suspicion of 
tumour-recidivation 


Clinical examination 


Scanning 
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TABLE III 


RESULTS OF POSITRON SCANNING IN PATIENTS 
WITH CEREBELLAR TUMOURS AND 
INFLAMMATORY DISEASE IN THE POSTERIOR CRANIAL FOSSA 


No 
isotopic 
concentration 


Abnormal 
isotopic 
concentration 


Cerebellar tumours 


Angioblastoma 


Medulloblastoma 3 4 H 
Spongioblastoma 5 2 7 
Ependymoma 1 1 2 

12 10 22 


Inflammatory disease 
(arachnitis) in the 
posterior cranial fossa 


In 36 patients, i.e. 89% of the confirmed cases, the diagnosis was made 
possible by a one-time positron scanning. Since an accurate diagnosis of a 
tumour recidivist often needs the combination of EEG, angiography and pneu- 
mencephalography, the positron scanning has a special advantage in relation 
to outpatient examinations. 

On the other hand the diagnostic value of the positron-scanning methodin 
the case of cerebellar tumours is poor (Table III). In only just above half 
the cases the radioactivity uptake by the cerebellar tumour was large enough 
to be distinguished from the normal uptake by the muscles of the neck. A 
differentiation from inflammatory processes in the region of the posterior 
cranial fossa is impossible. 

In order to exclude the presence of brain tumours 665 patients were 
examined by positron scanning (Table IV). In 12% of the cases with a variety 
of symptoms, as listed in the table, radioactivity uptake occurred, while 
88% of the patients had a normal positron scan. A localized activity uptake 
was frequently found in the case of angiomas and in those cases in which 
bleeding or cerebral softening processes suggested a disturbance of the 
function of the blood brain barrier and a consequent accumulation of radio- 
activity. Tumours could be excluded with a diagnostic accuracy of 88%. 

We can summarize our results thus: According to a localized activity 
uptake 76% of the cerebral tumours could be diagnosed by the positron- 
scanning method. From the degree of radioactivity accumulation the type 
of tumour could already be estimated. By the combination of angiogram 
and scan a further improvement of Jiagnosis of the type of tumour could be 
achieved, which is of considerable ımportance for the indication for oper- 
ation. Tumour recidivists can be diagnosed with great accuracy. In non- 
neoplastic diseases the correct diagnosis was possible in 88% of the cases. 
However, for cerebellar tumours the diagnostic value of the positron- 
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TABLE IV 


RESULTS OF POSITRON SCANNING IN 
665 PATIENTS WITH VARIOUS CLINICAL SYMPTOMS 


No 
isotopic 
concentration 


Abnormal 
isotopic 
concentration 


Non-neoplastic 
disorders 


Convulsive seizures 


Vegetative disorder 
Headache 
Psychogenic disorder 


Meniere 
Trigeminal neuralgia 


Brain-atrophy 
(Alzheimer, Pick) 


Papilloedema 
(Pseudotumour cerebri) 


Encephalomyelitis 
disseminata 
Encephalitis 


Brain trauma 


Vascular disorders: 


Aneurysm 


Angioma 


Subdural hematoma 


Intracerebral hematoma 


Vascular occlusion 


Cerebral softening 


Sclerotic disease 


scanning method is poor. Although the positron-scanning method cannot 
replace the conventional angiography and pneumencephalography itis a very 
valuable contribution to diagnosis. 


DISCUSSION 


(On the two foregoing papers) 


J. BRICE: I was very much interested in Dr. Paul's paper because I 


think there is a real need for cheap efficient machines for clinical use in 
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neurosurgery. I have been a little disturbed to note the trend towards com- 
plexity in the devices described at this Symposium. Many of the units we 
have heard about could hardly be used outside the larger centres. What we 
particularly require is a small efficient unit which we can readily handle 
ourselves or in association with the physics department of a larger 
institution. 

I was also intrigued by the technique of superimposing a soft radiograph 
of the head on the photoscan. One of the difficulties facing the surgeon who 
examines these apparently rather crude outlines of the skull is to decide 
exactly where the tumour is and to plan his surgical attack accordingly. 

We have found that the type of case under investigation has a consider- 
able effect on the results and I should be interested to hear what experience 
Dr. Paul has had in cases of epilepsy of late onset. In such cases we some- 
times find that our initial scans fail to indicate the tumours. Very obvious 
tumours can be seen, however, when a subsequent scan is made after the 
appearance of clinical signs. 

W. PAUL: I can recall only a few instances of this kind. In these cases 
our scans were also negative at first, but positive when the patient returned 
some months later with a malignant tumour. 

Our theory about these lesions is that they were initially grade-1 astro- 
cytomata, which could not be demonstrated by Il3l-albumin. By the time 
the patient returned a malignancy had developed which was able to pick up 
the tracer. 

D. KUHL: I very much admire the way in which Dr. Paul was able to 
interpret these scans without prior knowledge of the case history, the physi- 
cal findings, etc. On the other hand, I submit that this is not the ideal way 
to study a patient when the real purpose of the investigation is to collect 
the maximum of information about his clinical status. In my opinion, the 
study should be planned and interpreted by someone who is in full possession 
of allthe relevant data. The right man to do this is the physician. 

W. PAUL: All this information is available to the physicians or 
surgeons responsible for the patient and they naturally read the scans taking 
allthe relevant information into account. Only the data in Tables I and II 
were derived by reading without knowledge of the patient's history. This 
was done to assess the value of the method. 

G. TORI: Have you compared your scan data with information obtained 
by means of carotid arteriography? 

W. PAUL: We have made direct comparisons of the over-all value of 
scans, arteriograms and ventriculograms. I have no exact figures with me 
but Ihave a good idea that the scans were at least as successful as the other 
two methods. 

M. AKERMAN: We use Dr. Planiol's technique of numerical counting 
at symmetrical points. One advantage of this method is that it yields alarge 
number of positive results - in our case 83%, which is slightly better, I 
think, than the results obtained with the methods described by Dr. Paul and 
Dr. Wilcke. 

Another important advantage is that it very often gives us an indication 
ofthe histologicalnature ofthetumours under investigation fronı the uptake curve 
of Il3l-albumin (RISA) by the lesion. I should be very interested to hear 
whether either Dr. Paul or Dr. Wilcke have made any attempts to establish 
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the nature of the tumours they have detected and, if so, what scanning data 
they used for this purpose. Incidentally, Iam very surprised that Dr.Paul's 
‚results were nearly all negative for tumours of the posterior fossa. We 
had almost 60% positive results for this region. 

Finally, I notice that frontal-plane sweeping is not possible with the 
techniques described in these two papers. Does not this mean that you lose 
valuable information on the depth and exact localization of the tumours? 

O. WILCKE: It is possible to diagnose deep-seated brain tumours using 
this method by making an A-P scan with the patient lying on his side. In- 
formation on the nature of the tumour can be obtained by studying the rela- 
tive amount of accumulated activity. One can differentiate fairly definitely 
between malignant and benign tumours in this way. Another way of obtaining 
information on the nature of the tumour is to use a combination of angio- 
graphy and scanning. 

W. PAUL: Our equipment does not lend itself to the localization of 
tumours of the posterior fossa. This could probably be done by making suit- 
able alterations to the apparatus. One may wonder whether this is worth 
while in view of the large number of patients that have to be examined. If 
this were a problem of pure research, our results could obviously be im- 
proved but the apparatus I described is intended for routine use only. 

Repeated scans in the A-P direction and lateral directions at intervals, 
as well as scans with narrower collimation, would undoubtedly yield more 
information. 


F. BECCHINI: In connection with Dr. Akerman's remarks, I should 
like to comment on our experience with the Planiol method, which we have 
been using very successfully at Pisa for three years. I would, however, 
disagree with Dr. Akerman's view that it is always possible to diagnose 
the nature of the tumour with this technique. We have had meningiomata 
where the hyperactivity was only apparent at a fairly late stage and we have 
found that highly vascularized glioblastomata can be demonstrated even at 
the time of the initial measurement. 

B. MALAMOS: The results for the detection of metastatic lesions of 
the brain are different in these two papers. For metatstatic carcinomata 
Dr. Paul's scans were largely negative whereas Dr. Wilcke's scans were 
about 80% positive, if I remember rightly. As our Radioisotope Department 
at the Alexandra Hospital, Athens, is attached to a Department of Internal 
Medicine, I should be interested in hearing the authors' comments on this 
difference. Do they think it is due to the different measuring techniques 
employed or to a different uptake of the tracers used, Il3l-albumin in the 
first method and Cu®% in the second. 


W. PAUL: I think our proportion of positive findings would have been 
higher if we could have used some of the 36 positive scans listed in our 
Table I. Many of those were almost certainly of secondary lesions but we 
did not operate on them. We would naturally miss small multiple lesions 
because of our high resolution diameter. 

H. GLASS: As I understand it, Dr. Paul tries to obtain all his infor- 
mation from a single scan. Surely one is liable to lose valuable information 
this way? 

W. PAUL: Certainly. Therefore we carry out careful studies in par- 
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ticular cases to supplement the data obtained from our routine screening in- 
vestigation. 

D. ECONOMOS: In our experience, a series of scans taken at intervals 
following administration of the tracer can reveal the pattern of uptake by 
the tumour demonstrated by Dr. Planiol in her method. We have found this 
to be true both with RISA and with Hg203 and Hg197. We find that scan data 
are at least as good as if not better than neuroradiological data both for lo- 
cating and for identifying the tumour. In at least 60% of cases, data ob- 
tained by repeated scanning provide an indication of the nature of the tumour. 

J. BRICE: Dr. Wilcke, you suggest in your paper that scanning is not 
a substitute for angiography or encephalography in neurological investi- 
gations. I am not sure that I agree with this point of view. One great ad- 
vantage of scanning is that it does not disturb intra-cranial pressure re- 
lationships. We have been using it for this reason in combination with clini- 
cal examinations as the sole investigation prior to surgery. Obviously, be- 
cause of its present error rate this technique cannot be used as a method 
of excluding brain tumours but it is certainly useful for the diagnosis and 
treatment of the more obvious malignant tumours. 

O. WILCKE: The only tumours that can definitely be identified by posi- 
tron scanning are meningiomata. For other tumours you can obtaina 
diagnostic accuracy of about 90% if you combine this technique with angio- 
graphy. We find that it is impossible to dispense with angiography if the 
investigation is preparatory to an operation. We therefore regard scanning 
as a useful auxiliary technique but nothing more. Comparedtogamma scan- 
ning, positron scanning has a number of advantages. Examinations take 
only 15 minutes and the radiation exposure is low, so that the method can 
easily be used on out-patients. If you use it in combination with encephalo- 
graphy, you can obtain a high degree of diagnostic accuracy, especially for 
tumour exclusion. 
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EVAEUATION OF FEUORINE-18 ASA 
SCANNING AGENT FOR INTRACRANIAL TUMOURS* 


W.ENTZIAN”“, S. ARONOW, A.H. SOLOWAY AND W.H. SWEET 
MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS. , 
UNITED STATES OF AMERICA 


Abstract — Resume — Annortauns — Resumen 


EVALUATION OF FLUORINE-18 AS A SCANNING AGENT FOR INTRACRANIAL TUMOURS, F18, a110-min 
half-life, positron emitter was studied as a possible agent for brain-tumour localization. It was prepared in a 
nuclear reactor by thermal neutron irradiation of Li2CO; (Li‘(n, &) H?, O!$CH3,n) Fl), Tissue studies in mice 
bearing subcutaneously-transplanted ependymomas indicated that labelled sodium fluoride (NaFl®) gave excessive 
concentrations in bone and was therefore unsuitable as a brain-scanning agent. However, labelled potassium 
fluoborate (KBF!&) showed good preferential uptake in tumour compared with brain, uptake ratios ranging from 
8to 11. No excessive concentrations were found in other organs in either mice or cats. 

Toxicity studies were carried out in mice and rabbits at levels of 300 mg/kg and 120 mg/kg respectively. 
No adverse effects were observed provided the solution was neutralized to a physiological pH. The chemical 
amounts needed for patient scanning were less than 0.5 mg/kg of body weight. 

A comparative clinical study of 10 patients, each scanned with KBFI®, and other isotopic agents, corro- 
borated the findings of Askenasy et al, that this is a useful compound for brain-tumour localization. Intravenous 
injection was optimally performed 30 min before scanning at a dosage of 15 uc/kg of body weight. Tissue 
sarnples of tumour and normal brain were obtained from one patient at operation. The uptake ratio was 3.5. 
While this is lower than that found in the mouse, it is still in a useful range. 

Blood samples obtained from patients at varying time intervals after injection yielded a blood clearance 
curve which had two time constants. The first was very rapid and the second slower. This sequence is typical of 
useful scanning agents. 


EMPLOI DU FLUOR-18 EN SCINTIGRAPHIE DES TUMEURS INTRACRÄNIENNES. Les auteurs ont Etudie 
la possibilit€ d'’employer !®F, Emetteur de positons ayant une p&riode de 110 min, pour localiser les tumeurs du 
cerveau. Cette substance a Et& pr&par&e dans un r&acteur par irradiation de LiJCo, par des neutrons thefmiques 
(CLi(n, &)®H, !6O (®H, n)!®F). Il ressort d’&tudes faites sur des tissus de souris pr&sentant des &pendymomes im- 
plant&s par greffes sous-cutan&es que le fluorure de sodium marqu& (Na!®F) se concentre de manidre excessive 
dans les os et qu'il ne convient donc pas pour explorer le cerveau. Par contre, on a constat€ que le fluoborate 
de potassium marque& (KBIEE, ) se concentrait nettement plus dans les tumeurs que dans le tissu normal du cerveau, 
les rapports de concentration allant de 8& 11. Aucune concentration excessive n'a Et€ observ@e dans d'autres 
organes, tant chez les souris que chez les chats. 

Les auteurs ont fait des Etudes de toxicite sur des souris et des lapins pour 300 mg/kg et 120 mg/kg, respec- 
tivernent. Aucun effet nocif n’a Et& observ& tant que le pH de la solution &tait maintenu A une valeur physio- 
logique. Les quantit&s de substance nEcessaire pour proc&der A la scintigraphie du sujet Etaient inf&rieures A 
0,5 mg/kg de poids du corps. 

Une &tude clinique comparative menee sur 10 patients, qui ont tous Et& examines A l'aide de KBI®F, et 
d'autres agents radioisotopiques, a confirme la conclusion d'Askenasy et autres: ce compos@ est utile pour 
localiser les tumeurs du cerveau. Ona fait des injections intraveineuses dans des conditions optimales 30 min 
avant la scintigraphie, A raison de 15 uc/kg de poids du corps. Des Echantillons de tissus de tumeur et de 
tissus normaux du cerveau ont &t& pr&leves sur un malade qui subissait une op@ration. Le rapport de concen- 
tration &tait de 3,5. Bien que ce rapport soit inferieur A celui qui avait Et€ observ& chez la souris, il n'en 


demeure pas moins convenable. 
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L'examen d'&chantillons de sang pr&leves sur des malades ä divers intervalles apr&s l’injection a permis 
d'&tablir une courbe d'@limination du sang A deux constantes de temps. La premi£re £tait tr2s rapide et la 
seconde plus lente, ce qui est caracteristique des bons agents de scintigraphie. 


OUEHKA ®TOPA-18 KAK CKEHHUPYPMETO ATEHTA M1A BHYTPMUMEPEIHBIX 
OIIYXONEN. B kauecrBe BepoaTHorTo areHTa ANA NOKanm3allMM MOSTOBbIX ONyXoneh H3yualnıca 
$rop-18, uanyyarenp NOSUTPOHOB c mepuonoM nonypacnana 110 mun. ®Ttop-18 nonyuanı B Anep- 
HOM peaKTope nyrem oßnyyeHnua LinCOr (Li6(n.a)H3,O15(H3, n)Flö)\TennoBbIMN HeÄTDOHAaMM. Tka- 
HeBble HNCCNeNOBaHNA Ha MbIlIaX C nepecaxeHHoÄ MOAKOXHO STIEHAHMOMOH TIOKa3ano, YTO Me- 
yeHsiä hropua Harpna (NaFl®) cosnaer N36bITOUHbIe KOHUEHTPAUMN B KOCTAX U TIO9TOMy He yAo- 
BAETBOPAEeT B KayecTBe CKeHHHPyMLuIero areHTa ANA MosTa. ÜOAHaKo IIPH TIPHMeHeHHH MeueHoro 
&rop6opara kanna (KBF18)o6HapyxeHo H36HparTenbHoe MOTNOMEHHEe eTO ONYXonbP TIO CPaBHe- 
HHIO C MO3TOM, IIPHYeM BenH4HHa NOTNOLMEHHA M3MeHANnachb B AManasoHe oT 8 no 11. Ka y MbI- 
mef, Tak U y Kollek He 06Hapy’xkeHo H365ITO4HOÄ KOHUEHTPAUMH B APYTHX oprTaHaXx. 

NayueHue TOKCHYHOCTH NPOBOAHNOCB Ha MbllIaX MH KpoNHKaX IIPU KOHUeHTpaumn 300 MT/KT 
u 120 MT/KT COOTBeTCTBeHHo. Ilpu Heitpanusaumn pacTBopa 10 ypoBHA bH3HoNoTHYUecKoro pH 
He Ha6N1MAanOCh HUKAKHX He6nNaToNPHATHEIX abbeKToB. XHMMHuecKHe KolHYecTBa, HEO6XOAHMbIE 
ANA CKeHHHPOBAaHHA NAUNEeHTOB, COCTaBAANM MeHee 0,5 MT/KT Beca Tena. 

CPpaBHHTEeNbHbIe KIIHHHYeCKHe NHCCcNEeNOBaHHA y 10 maulmeHToB, KaXkAblf M3 KOTOpbIX nOoABepran- 
CA CKeHHUPOBaHum c KBF4# u apyFruMmH H30TONHBIMH BeWeCTBaMu, NOATBePAHUNN BbIBoAbI AulkeHasH 
HM AP. O TOM, UTO 9TO COeANHHEeHHE ABNAETCH TIONE3HBIM ANA OTpeneneHHA NOKAanH3auUMM MOSTOBbIX 
onyXxonei. BHYTPHBeHHoOe BBeneHHe OCyMEeCTBNANOCB OMTUHMAaNbHO 3a 30 MKHYT NO CKEHHHPOBa- 
HHA pm nose 15 MKKmpnH/KT Beca Tena. Y OAHOTO nallueHTa npH omepaliuH ÖbInM B3ATbBI O6Paaubl 
TKaHef onyXonh H 3A0PoBoA TKauHH MosrTa. Kosb&nuneHt nornomenna cocTasıan 3,5. Xora 3r0 
COOTHOMEHHE HHXE, YUeM y Mbllleii, HO 9Ta Be1HYHHa MPaKTHYecKH TIPHTOAHa. 

IIpn uccnenoBaHNuH KpoBH, B3ATOA y MalIHeHTOB yepe3 pa3Hble IPOMEeXKYTKH BPeMeHH nNocne 
HHbEKUHMN, TIONyyYeHa KpHBas KJIHPeHCa KPoBH, HMePlaa IBe NOCTOAHHBIX BPeMeHH. [lepBaa-oyeHb 
KPaTKOBpeMeHHag, BTOopag —MenneHHee. Takas XapaKTepHcTHuKa TUMHYHa MIA IPHTOAHBIX CKeH- 
HHPYyPIIHX areHToB. 


EXAMEN DE LAS CARACTERISTICAS DEL FLUOR-18 COMO AGENTE DE EXPLORACIÖN DE LOS TUMO- 
RES INTRACRANEALES. Los autores estudiaron la posibilidad de utilizar !8F (perfodo: 110 min) para localizar 
tumores cerebrales. Prepararon este isötopo en un reactor por irradiaci6ön de LizCO, con neutrones teErmicos 
(Li(n, a)®H, 160 (®H, n)!®F). Los estudios realizados con tejidos de rat6n en el que se habfa transplantado epen- 
dimomas.por vfa subcutänea mostraron que el fluoruro de sodio marcado (Na!®F) se concentra excesivamente en 
los huesos y que, por tanto, no es adecuado para explorar el cerebro. Sin embargo, el tumor capt6 una pro- 
porciön mayor de fluoborato potäsico marcado (KBI8F,) que el tejido normal del cerebro; la raz6n de captaciön 
fue de 8a 11. En los experimentos efectuados con ratones y gatos no se observö ninguna concentraciön excesiva 
en otros Örganos. 

Los autores efectuaron estudios de toxicidad sobre ratones y conejos con dosis de 300 mg/kg y 120 mg/kg 
respectivamente. No se observ6 ningün efecto adverso cuando la soluciön estaba neutralizada hasta alcanzar un 
pH fisiolögico. La cantidad de productos qufmicos necesaria para la exploraciön fue inferior a 0,5 mg/kg de 
peso corporal, 

Un estudio clfnico comparativo de 10 pacientes, explorados despu&s de administrarles KBISF, y otros 
agentes isotöpicos, corrobor6 los resultados obtenidos por Askenasy y sus colaboradores, segün los cuales este 
compuesto es ütil para localizar tumores cerebrales. La inyecciön intravenosa dio resultados öptimos cuando se 
administraron 15 uc por kg de peso corporal 30 min antes de proceder a la exploraci6n. Se sacaron muestras 
de tumor y de tejido cerebral normal de un paciente durante la operaciön. La razön de absorci6n tumor/tejido 
normal fue de 3,5. Si bien este valor es inferior al correspondiente al ratön, presenta todavfa utilidad diagnöstica. 

Las muestras de sangre extrafdas a diferentes intervalos despu6s de la inyecciön permitieron trazar una 
curva de depuraciön sangufnea con dos constantes de tiempo. La primera era muy breve y la segunda mäs larga. 
Esta secuencia es tfpica de los agentes de exploraciön eficaces, 


In many neurosurgical centres radioisotopic scanning has become a 
routine diagnostic procedure in patients with suspicion of intracranial space- 
occupying lesions [1,2]. The use of positron-emitting isotopes rather than 
simple gamma-emitters has some theoretical advantages [3], particularly 


EVALUATION OF FLUORINE-18 111 


TABLE I 


SOME POSITRON-EMITTING RADIOISOTOPES 


USEFUL FOR SCANNING 


68 min Ga-DTPA 


112 min KBF 


4 


9.3h 


ZnCl 


12.8h Cu-DTPA 


80h Citrate 


4.5d Gamma Glob. 


26h 


Na3AsO; 


1) 


NazAsOQ, 


2.6 yr Nacı 


in a symmetrical organ such as the brain. Coincidence detection of the anni- 
hilation radiation from positron decay yields high sensitivity for a given re- 
solution width and a fairly uniform transverse detection region. 

A number of positron-emitting radioisotopes which have been evaluated 
as potential tumour-localization agents are listed in Table I. Of these, 
arsenic-74 as sodium arsenate has been the isotope of choice [4]. However, 
its long half-life, 17.5 d, and the fact that it is cyclotron-produced, are 
major disadvantages. Copper-64 chelates have been used to circumvent 
these two drawbacks of As’* [5]. With the development of camera-type 
imaging devices [6,7] new opportunities for high-speed external visuali- 
zation of isotopic concentrations and dynamic processes are presented. 
Under such conditions isotopes with half-lives shorter than 12.8-h Cu®* have 
distinct utility. 

The work of ANBAR et al. inproducing [8] andutilizing [9,10] fluorine-18 
as a scanning agent is of great significance in this recent development. F18 
is a pure positron-emitter with a 112-min half-life. Because of its short 
half-life and rapid excretion large single doses may be administered and 
repeated tests performed within short time intervals. The whole-body dose 
to the patient receiving the suggested amount of 1 mc of F!3 is 0.05 rad com- 
pared with 0.42 rad for the usual dose of 3.0 mc of Cu6® and 1.8 rad for 
the diagnostic dose of 1.3 mc of As’®. 

The present work is a series of studies with animals and with human 
patients using potassium fluoborate labelled with F1® and some comparisons 
with F18 ion. It corroborates the excellent work of ASKENASY et al.[11] 
in the localization of intracranial lesions using the BF4!1°" anion. In addition 
to the physical advantages of F!®, short half-life and pure positron emission, 
its chemical properties suggest some intriguing possibilities. The two-stage 
reaction described below may be used to convert oxygen atoms in complex 
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organic materials into fluorine by irradiating the lithium salts of these ma- 
terials. The size of the fluorine atom is so small that fluorine-substituted 
compounds of biologically-active substances are active themselves (e.g. 
fluorinated steroids, fluorinated pyrimidines). This presents the possibility 
of new types of organic scanning agents. 


METHODS 


F18 was prepared at the Massachusetts Institute of Technology reactor 
by the irradiation of lithium carbonate in the following sequential reaction: 


Liö(n,o)H3; old(H3, n)F!®. 


The standard procedure used in the preparation of KBF4!® consisted of the 
irradiation of 3.0 g of unenriched LigaCOz at a flux of 2X1013 n/cm2 s for 
a period of 7.5 h, until saturation was achieved. The total yield was 35 mc 
of F18, The lithium carbonate was dissolved in 13.5 ml of 6N hydrochloric 
acid and in this mixture was dissolved 113 mg of stable KBF,. The potas- 
sium fluoborate was crystallized in an ice bath, filtered, washed with 2ml 
of ice water and recrystallized twice more. The crystallization also re- 
moved tritium produced in the reaction. The total F13 activity at the time 
of biological studies was about 6 mc with a specific activity of 130 ac Fl3/mg 
KBFa. For its use in man the compound was dissolved in 10 ml of isotonic 
pyrogen-free saline adjusted to the physiological pH. 

In preparing the fluoride ion, the acidified solution of Li»CO3 was passed 
through a cation exchange column* to remove not only lithium but also the 
sodium-24 arising from the activation of trace amounts of sodium present 
in analytical-grade LioCO3. In this manner 90-95% of F18 produced was 
recovered in the eluant. 

Toxicity studies with fluoborate ion were carried out in white Swiss 
albino mice and in rabbits. Tissue distribution of BF,!18 and Fl® ions was 
examined utilizing C3H mice bearing subcutaneously implanted tumours which 
were originally gliomas. Tissue studies were also performed in cats. 

A limited series of scans using the mechanical brain scanner previously 
described [2,3] was performed with KBFy!3 on 10 patients who were tumour 
suspects. The administered dose in each case was 1-3 mc. The scans were 
performed at short time intervals after the intravenous injection. 

In a number of these patients blood and urine samples were collected 
at intervals after injection to determine blood clearance as a function of 
time. 


RESULTS 
(1) Toxicity 


In the toxicity studies no apparent acute toxic symptoms were seenin 
mice receiving intravenously 300 mg/kg and rabbits 120 mg/kg of KBF4. 


* Dowex 50 
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The animals were kept alive over a period of six weeks without sequelae. 
These tests were carried out with a solution neutralized to pH 7, for ata 
pH range of 1 to 3 large volumes of KBF4 are extremely toxic. Doses of 
the order of 5-6 mg/kg of neutral KBF, were injected into terminal glio- 
blastoma patients with no adverse effects. 

The chemical amounts needed for routine patient scanning were less 
than 0.5 mg/kg and from the above data no problems of pharmacological 
toxicity were expected or observed in the patient study. 


(2) Mouse tissue studies 


The isotopic uptake in the organs of the mice bearing subcutaneously 
transplanted tumours is shown in Table II. Six groups of animals wereused, 
three receiving labelled-fluoborate ion and three groups receiving FI&. 
Sacrifice times were 15, 30 and 60 min after injection. 

The tissue concentrations are presented in three different ways. Section 
A shows the average blood uptake for each group of animals as per cent of 
total injected dose per kilogram of tissue normalized to total animal weight 
of 7Okg*. This normalization is the standard compromise used for com- 
parative tissue studies between individuals and species. The mouse values 
are sufficiently similar to human values to show a probable common meta- 
bolic mode. 

Section B gives the tumour-to-brain uptake ratio. For fluoborate ion 
this ratio was approximately 10 throughout the time-interval 15 to 60 min, 
indicating that fluoborate ion might be a useful scanning agent. 

Section C presents the ratios of the uptake in other tissues to that in 
blood. The greatest percentage uptake of the fluoborate was in blood and 
the least in brain, while in other tissues and in tumour the distribution was 
nearly the same with no organ having an exceptionally high level. 

During this time-interval fluoride ion showed a high concentration in 
blood compared to all other tissues studied except bone. The level in 
skull was about 6 times the blood level at 15 min and 12 times at 60 min. 
This high concentration of fluoride ion in bone militated against its use as 
a brain-scanning agent since the heavy concentration in the skull would mask 
any variations in the underlying brain. 

A similar tabulation is given in Table III of the average values of the 
tissue uptakes of KBFy!8 in four cats sacrificed 30 min after injection. 
These values agree reasonably well with the mouse data in that the fluobo- 
rate ion did not concentrate specifically in any particular organ. 


(3) Scanning results 


A typical scan of one of the patients is shown in Fig.1. A clearly de- 
fined parietal concentration is indicated in the coincidence scan in l(a). 
Figure 1(b), the unbalance scan, shows a concentration of curved marks in- 
dicating that the activity was on the right side. At operation a glioblastoma 
multiforme was found at the location indicated in the scan. 


Total wt. in kg 
)x 


%* Tissue Concentration (Normalized) = Concentration (Observed 70 
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TABLEU 


ES 


RADIOISOTOPIC UPTAKE IN MICE PER UNIT WEIGHT OF TISSUE 


——H 
Interval after 2 


intravenous 15 min 30 min 60 min 
injection 


Compounds 


Number of animals 


in group 


% remaining in 
blood per kg nor- 2.3 1m Uber 4.6 1.4 2.4 
malized to 70 kg 


a a na 1.5 8.5 6.8 11.0 5.4 
brain 
im 

Ratio of specified 

organ to blood 
Blood 1220 120) 1.0 1.0 10 1.0 
Brain 0.05 0.1 0.04 0.1 0.04 0.2 
Tumour 0.5 0.8 0.3 ll) 0.5 0.9 
Skull 0.4 6.3 0.3 8.6 0.3 137 
Muscle 0.6 0.6 OR 8 0.2 0.4 
Scalp 0.6 0.6 0.4 0.6 0.5 Vo 
Thyroid 0.4 0.6 0.3 0.5 0.5 0.3 
Kidney 0.6 = = - - - 
Liver 0.3 -- - - = 2 


”* Values are averages for the animals in each group. 


The data on the 10 patients scanned are summarized in Table IV. The 
range of ages was from 6 to 72 yr and included a series of neoplasms as 
well as one case of benign intracranial hypertension (pseudotumour). All 
these patients were also scanned with arsenic or copper within a few days 
before or after the fluorine scan. The fluorine scan evaluations are indi- 
cated in the table with comments comparing the results obtained with the 
other tracers. 

The blood-clearance curve for the one patient (J.V.) from whom mul- 
tiple samples were obtained, as well as 12 samples from seven other pa- 
tients, are plotted in Fig.2. There is a high degree of randomness in the 
data indicating that the absorption and excretion processes are highly indi- 
vidual. Using the data for J.V. the clearance curve seems to have two dis- 


8* 
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TABLE III 


FLUOBORATE CONCENTRATION PER UNIT WEIGHT 
OF TISSUE IN CATS*® 


Ratios to blood Ratios to brain 


Blood 
Brain 
Skull 
Muscle 


Scalp 


Lung 


Kidney 
Heart 
Skin 
Liver 
Intestines 
Adrenals 
Pancreas 


Fat 


%* Values are averages for four animals sacrificed 30 min after injection. 


Ras 926262 KBF, Bulls 928262 KBF, 


Fig.1 


KBF,!8 scan of patient with glioblastoma multiforme 
(a) Coincidence scan showing posterior-parietal concentration 
(b) Unbalance scan showing curved marks indicating right concentration 
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Fig.2 
Blood clearance study 


tinguishable time constants, a fast component with half-time of about 15 min 
and a slow one with half-time of 290 min. 

Figure 3 is the cumulative urinary-excretion curve for patient J.V. In 
the first few hours after injection the curve corresponds to an exponential 
excretion with half-time of about 470 min. The rate becomes slower at 
longer times, but is difficult to evaluate numerically due to the short half- 
life of F13, 2 
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Fig. 3 


Urinary excretion study of BF,I8 anion 
DISCUSSION 


The animal tissue studies showed a high tumour: brain uptake-ratio 
for fluoborate ion, no unusually large concentration in any specific organ 
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and no marked species variation. For these reasons it was considered 
suitable for evaluation in man. 

The blood-concentration curve is also favourable since it is similar 
to that found in other useful scanning agents [4]. Such curves character- 
istically display two or more time constants. The first should be very rapid, 
in the order of minutes, and the second much longer, in the order of hours. 
These time constants must be examined on the basis of several competing 
processes. The first time constant represents rapid initial removal from 
the blood and should be caused by a general rapid interchange between blood 
and body tissue rather than excretion or selective removal by a specific 
organ. The urinary-excretion curve and the tissue studies indicate that for 
BF,’ the last two processes are unlikely. The second constant should re- 
present the excretory removal of the agent from the blood, reducing the 
radiation dose to the patient. Ifa third, much longer, time constant is ob- 
served, it represents the long-term steady-state interchange of the tracer 
between blood and body tissue, and the gradual excretion of the tracer. 

With some isotopes, for example ionic copper and ionic fluorine, the 
tracer is found in specific organs, liver and bone respectively, so that this 
general time sequence does not apply. However, the animal-tissue studies 
of specific organs indicate that for KBF, there is no excessive preferential 
uptake in any organ. 

Previous studies of blood clearance of arsenic indicate a similar curve 
with a fast component having a half-time of 46 min and a second component 
having a half-time of 27 h. The more rapid initial component in the case 
of the fluoborate, 15 min, should assist in allowing scans to be made at much 
shorter intervals after injection. This hypothesis is borne out in the scans 
performed where a time lapse of about one-half hour seems to be optimal. 
This contrasts to 13 h with arsenic. The rapid initial fall-off should also 
be of assistance when the isotope is used for high-speed camera studies of 
dynamic processes, 

While the number of scans performed (10) is limited and therefore al- 
lows no generalizations, we do confirm the results obtained by ASKENASY 
et al. [11]. In all cases, except the benign intracranial hypertension in 
which there was no evidence ot focal disease, the F!5 scan was checked 
against a scan with arsenic or copper, or both. 

The glioblastomas were clearly localized. In patient B the fluorine scan 
was somewhat poorer than the copper, possibly because the scan was begun 
10 min after injection. This seems to be too short a time for good locali- 
zation. In one case an astrocytoma was clearly missed with both isotopes 
and in another case was seen. This is consistent with the analysis of ar- 
senic scans — that astrocytomas are frequently not seen. In patients F and 
Ithere was some bony involvement of the neoplasms. In both cases the visu- 
alization with fluoborate was better than with other isotopes. There is a 
possibility, which is being investigated further, that some fluorine may be 
split off biologically from the complex ion and appear as fluoride ion going 
preferentially to such bone or that the BF41®- was contaminated with F18- 
and a more rigorous purification of BF,13- is required. Patient G with meta- 
static melanoma was missed with fluorine though seen with copper, and 
patient H with metastatic carcinoma was visualized with all isotopes but 
equally poorly. 
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Summarizing these cases we think that labelled-tluoborate ion max prove 
to be a satisfactory scanning agent and should be explored further. Itis 
suggested that for intravenous use the injection be performed $-1h prior 
to scan at a dosage of 15 uc/kg (approx. 1 mc per 150 1b). With this dosage, 
scanning may be performed on a mechanical scanner at a speed higher than 
usual, requiring approx. 25 min per scan. 

Although this series of scans reveals no unusual advantages of BF418 
as a conventional scanning agent, its physical properties must be empha- 
sized. Administration of 20 - 40 mc, giving a whole-body dose of onlyale 2? 
rad, would be permissible for routine scanning and even higher doses would 
be appropriate for patients with known focal lesions. These high doses would 
allow appreciably reduced scanning times or greatly refined resolution. Such 
improvements could open new avenues for scanning procedures. 


SUMMARY 


F18, a 112-min half-life positron-emitter, was studied as a possible 
agent for brain-tumour localization. Tissue studies in mice bearing sub- 
cutaneously transplanted tumours indicated that labelled potassium fluobo- 
rate showed good preferential uptake in tumour compared to brain with no 
excessive concentration in other organs. F13-]abelled sodium fluoride gave 
very high concentrations in bone and is not suitable as a brain-scanning 
agent. Tissue studies in-cats with the fluoborate ion confirm that there is 
no appreciable preferential tissue uptake. A preliminary study of a small 
number of patients scanned with fluoborate and other isotopic agentsindicates 
that the former appears to be a suitable compound for brain-tumour locali- 
zation and merits further study. 
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DISCHUSSTON 


M. BLAU: Dr. Entzian is quite correct when he states that Fl® is a 
very attractive isotope. A further attraction which I might mention is that 
itis, as far as I know, the only isotope that can be produced in clinically 
useful quantities in small university reactors. This is a point well worth 
bearing in mind when preparing a proposal for a new reactor or enlisting 
the co-operation of individuals who operate a reactor. 

Dr. Entzian is incorrect, however, when he implies that it is possible 
to prepare F!15-]abelled organic compounds by irradiating the equivalent 
oxygen compound. The recoil energy of the activation process is always 
orders ot magnitude above the bond energy holding the F18 atom in the ori- 
ginal molecule. 

M. TER-POGOSSIAN: I should like to point out that F18 can also be 
prepared in small accelerators, which are even cheaper than medical re- 
actors. 

P.C.R. TURNER: May I comment on this question of preparing Fl® in 
accelerators. F1® can be prepared by the reaction: Ol6 (a,np)F13. How- 
ever, this reaction has a threshold at about 20 MeV, and to achieve an ap- 
preciable yield a-particles of about 30-Me\ energy are required. This means 
that one needs quite a large accelerator, such as a 45-in cyclotron, which 
is not usually regarded as cheap. 

F18 is prepared routinely with the Medical Research Council's 45-in 
cyclotron at Hammersmith Hospital using the above reaction. With current 
techniques maximum activities of about 10 me at end of bombardment can 
be obtained. 
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SCANNING TECHNIQUES FOR BRAIN-TUMOUR LOCALIZATION,. The colour scanner * has been used 
to scan two small clinical series of brain tumour cases, one by means of As’# using positron detection, the other 
with I!3!-labelled albumin using gamma detection and a focusing collimator. The results of these series are 
given and the value of the procedure to the clinician is presented. Matthews has shown, in studies on tumour- 
bearing rats, that Bi2% citrate should be a particularly favourable material for brain tumour localization and a 
preliminary attempt has been made to scan with this material using gamma detection and a focusing collimator, 
Preliminary results of this study are presented. 

The focusing collimators used with the gamma-emitting isotopes have a deep geometrical focus and 
isocount responses are obtained on point sources which are almost depth independent for 20 cm. Experimental 
results on a series of collimators lead to design data for building such collimators to a given specification. 

Stationary detector scanning has been carried out on brain-tumour cases using a gamma camera with 
storage-tube display. The advantages of such machines lie in greater sensitivity and more rapid visualization 
of the pattern of distribution of radioactivity, which in turn enables dynamic studies to be carried out. Problems 
which occur with such machines include the difficulty in marking anatomical features and the geometric dis- 
tortions which occur. These are compared for pin-hole and matrix viewing apertures. The improvement in 
performance resulting from circuit modifications to remove the dependence of picture size on gamma-ray 
energy is discussed. 

The analysis of cerebral scans presents difficulties when the suspected region is only slightly greater in 
count-rate than its surroundings. A "normal" count-rate pattern for a head has been determined by dividing 
scans into regions which are approximately anatomically equivalent from patient to patient, and counting 
scintiscan marks in each region. Any abnormal scan may then be compared with this pattern. Such analysis 
lends itself to computer techniques. 

The use of continuous averaging techniques may also prove to be of value in improving the perception of 
abnormalities near the limits of detection in moving detector systems. The possible use of multichannel ana- 
lysers to apply this and at the same time make possible a valuable new display system for both moving and 


stationary systems is presented. 


TECHNIQUES SCINTIGRAPHIQUES POUR LA IOCALISATION DES TUMEURS CEREBRALES. On a 
utilise l’appareil de gammagraphie en couleurs* pour la scintigraphie de deux series cliniques de tumeurs 
cerebrales, dans le premier cas au moyen de As (detection des positons), dans le deuxi&me cas au 
moyen de l’albumine marqu&e avec 131] (detection des rayons gamma, avec un collimateur A focalisation). 
L’auteur compare les r&sultats obtenus dans les deux series. Matthews a montre, dans des Etudes sur des rats 
ayant des tumeurs, que le citrate de 2°Bi devrait Etre un materiau particulierement favorable pour la locali- 
sation des tumeurs c&r&brales; aussi fait-on actuellement une troisi®öme sErie clinique avec ce produit (detection 
des rayons gamma, avec un collimateur & focalisation). L’auteur pr&sente les r&sultats pr&liminaires de cette 
etude. 

Les collimateurs A focalisation utilises pour les &metteurs gamma ont un foyer geometrique profond et 
donnent, pour des sources ponctuelles, des courbes d’isor&ponse qui sont presque ind&pendantes de la profondeur 
sur une distance de 20 cm. Les r&sultats des experiences faites avec une serie de collimateurs ont fourni les 
donnees necessaires A la r&alisation de collimateurs de ce genre destines A des fins d&termindes. 


* MALLARD, J.R. etal. "An analysis of quantitative colour display for scanning", these Proceedings. 
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Des tumeurs du cerveau ont &t& explor&es avec un detecteur stationnaire, en ayant recours A la photo- 
graphie gamma et A l'’enregistrement par un oscilloscope A memoire. Les avantages de ce proc&d& r&sident 
dans une plus grande sensibilit€ et une visualisation plus rapide (de la rEpartition de la radioactivite, ce qui 
permet de proc&der A des Etudes dynamiques. Ses inconv@nients sont, notamment, la difficult€ de noter les 
caracteristiques anatomiques et les distorsions g&ome£triques qui se produisent. On les compare dans le cas 
des stenopes et de certaines ouvertures r&glables. L'auteur examine les am&liorations de rendement r&sultant 
des modifications de circuit pour faire disparaftre la d&pendance du format de l'image A l'€gard de l'Energie des 
rayons gamma. 

L'analyse des scintigrammes du cerveau pr&sente des difficultes lorsque le taux de comptage pour la zone 
suspecte est A peine plus &lev& que pour les zones avoisinantes. On a €tabli un schema « normal> du taux de 
comptage pour le cräne en divisant les scintigrammes en r@gions A peu pr&s €quivalentes du point de vue ana- 
tomique d'un patient A l'autre, et en comptant les traces scintigraphiques dans chaque r&gion. On peut com- 
parer tout scintigramme anormal A ce schEma. Une telle analyse est faite au mieux avec un ordinateur. 

L'utilisation de m&thodes d'&tablissement continu des valeurs moyennes peut €galement pr&senter un 
interet pour l’am&lioration de la visualisation des anomalies au voisinage des limites de la detection. Les 
auteurs &tudient la possibilit& d'utiliser des selecteurs multiconaux aux fins d&crites ci-dessus; cet emploi 
permet la r&alisation d'un nouveau dispositif de visualisation efficace tant pour des systömes mobiles que pour 
des systemes stationaire, 


TEXHUKA CKEHHUPOBAHHA IIPUM ONPENENIEHNMN JIOKANU3AUHNM ONYXONEN MO3- 
TA. YcrTaHoBka ANA UBeTHOTO CKeHHHPoBaHua (AHuHoTauma SM-51/25) ucnonb30oBanach MIA CKeH- 
HHPOBAaHHA AByX BHAOB OnyXonefi MO3Ta: B ONHOM CAIyuae NO NOSHTPOHHOMY H3Ny4ueHHm As74, 
B APyToM-no TaMMa-H3nyueHHPm MeueHHoro J1?l anB6yMmuHac HCNONB30BaHHeM boKyCcHpymuero 
KOoNNHMaTopa. 


CpaBHHBamTcH pe3ynbTaTbl 9TUX ABYX BHAOB HCcNenoBaHHuHÄa. MSTBRC,NIPH HCCcNEeNOBaHHH 
onyXonefi y KpbIC,T1oKa3an, YTO AHMOHHOKHCNEIM Bi? ABnaerTca oCo6eHHO YAO6HBIM MAaTepHanloM 
ana onpeneneHhHA NOKAanH3aunmn ONyXonefi MOo3Ta, H B HACTOAWEE BPEeMA MPOBOAUTCA TPeTbA cepun 
KJIIHHHYECKHX HCCHEeNOBAHHÄ C IIPHMEeHEeHHeM 3TOTO MaTepuHana, HCNONB3OBAHHeM TaMMAa-NeTeKTH- 
POBaHua u BoKycHpymmero KoNANMMaTopa. [lpuBonATca npeaBapHuTenbHble pPe3yNbTatbl ITHX HC- 
cnenoBaHuHuä. 


PoKYyCHPyPIlHe KONJIMMATOPbI, TIPHMEHEHHbIE BMECTE C TaMMAa-H3Ny4UaP IHMM H30TONaMH, 
UMeBT TNy6oKHÄ TeOMeTpHyecKHä boKyC; MONYUeHbI H3OCYeTHblIe KapaKTePHCTUKH ANA TOUeyHbIX 
HCTOUHHKOB, He 3aBHcauMe OT TIYyÖHHbI AO 20CM. DKCNEePHMEHTANBbHbIeE Pe3yN1bTaTbl, NONYUEeHHbIe 
ANA NENOTO PANa KONNMMATOPOB, ABHAHCb OCHOBOÄ ANA KOHCTPYKLUHH TAKHX KONMNHMATOPOB C 3alaH- 
HOoA cneumdrKaunei. 


CrTaulHoHapHoe AeTeEKTOPHOE CKEHHHPOBAaHHe y 6ONBHEIX C ONYXONAMH Mora 6bINO NPoBeneHo 
€ NOMOMbBEP TaMMA-KaMepbI C BOCHPOH3BONALIHM 3alOMHHAaPWILHM YCTPOÄCTBOM. I[lpeumymecrsBa 
TaKoH arnaparTypbI 3aknwyamTca B 6onbWEeHÄ YYBCTBHTENBHOCTH H 6bonee ÖBICTPoÄ BH3yanHsauluH 
KapTuHbI pacnpeneneHNnA PalHOaKTUHBHOCTU, UTO NaeT BO3MOXHOCTB NPOBEAEHHA HCCcNeNOBaHHÄ B 
AnHaMuKe. K npo6neMaM, BO3HHKAaWIIMM B CBA3H C 3TOH annapartypof, OTHOCHTCH TPYAHOCTB Map- 
KHPOBKHU AHATOMHYECKUX CTPYKTyP H BCTpeyuamılmecAa TEOMETPHYeCKHEe HCKaXxeHHs. OHM BO3SHH- 
KAT MU B OTHONIeHHH ÖynaBoUHBIX U MATPHYHBIX arlepryp Ha6nmneHna. O6cyxdamrca yIyyleHug, 
AOCTHTHYTbIe B pe3yNbTarTe pAna H3MeHeHHH, HanpaBleHHbIX Ha YCTPaHeHHEe 3aBHCHMOCTH paaMepa 
H306paxeHHA OT 3HEPTUH TaMmMa-nyyeh. 


AnHann3 AaHHbIX CKeHHHPOBAHNHA MOSTAa NPeACcTaBNAeT TPYIHOCTH, ECHH CKOPOCTB CcyeTa B 
HccnenyeMoh o6nacTH TONbKO HeMHOTO Bbllle, YEM'B OKPyXamuleii TKaHn. "HopManbHas' AHarpaMm- 
Ma CKOPOCTH cueTa AnA TONOBbI 6bINa OnpeneneHa Ha OCHOBAHHH pasleneHHA CKeHHOTPaMMbI Ha 
pa o6nacrei, KOTOpble ABNAAPTCA MPHÖNHSHTENBHO IKBHBANEHTHBEIMH aAHATOMHYECKH y paaa nauneH- 
TOB HU IIyTeM H3MEPEHHNA CKOPOCTH C4eTa B IIPenenaX CUCHTHCKEHHOTPADHYeCKHX OTMETOK B KaXkıoH 
o6nactun. Tlosromy nW6ym NATONOTHYECKyW CKEHHOTPaAMMY MOXHO CPaBHNBaTb C ITOH AHarpaM- 
MoA, Ilpn TakoM aHanuse npH6eramT K CYETHO-BbIUHCNHTENBHEIM MeTONaM. HMCnHoNB30BaHHe Me- 
TOoAa TIOCTOAHHOTO YCPeAHEeHHA TaKKe HMEeEeT 3HayeHHe MIA YIAYUWEHHA BUHSYalbBHOTO Ha6nmAäeHHun 
OTKNOHEeHHÄ OT HOPMbI BÖNH3H TPAHHL| AeTeKTUPOBaHHA B NOABHXKHBIX AeTeKTOPHbIX CHUcTeMax. Pac- 
CMATPHBAWTCA BOSMOXHOCTH MPHMEHEHHA C ITOÄ UeNbM MHOTOKAHAaNbHEIX AHaH3aTOPOB H HCNoNb- 


30BaHNA B TO Ke BpeMAl HOBOTO UEHHOTO BOCNPOH3BOAAMETO YCTPOÄCTBa KaK ana NOABHXKHON, TaK 
MH CTalIHOHAPHOÄ CHCTEeM. 
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TECNICAS CENTELLEOGRÄFICAS PARA LA LOCALIZACION DE TUMORES CEREBRALES, La centelleo- 
graffa policroma*se ha empleado para explorar dos series clfnicas de tumores cerebrales, una con "4As, por 
detecciön de positrones, y la otra mediante albümina marcada con 31] por detecciön gamma con ayuda de un 
colimador enfocado. Se indican los resultados obtenidos en ambas series y se explica la utilidad clfnica del 
procedimiento. Estudiando tumores en ratas, Matthews ha demostrado que el citrato de ?06Bi deberfa ser una 
sustancia particularmente adecuada para localizar tumores cerebrales; por esta razön se ha realizado una 
primera tentativa para efectuar exploraciones con esa sustancia por detecciön gamma con ayuda de un colimador 
enfocado. En la memoria se presentan los primeros resultados de ese estudio, 

Los colimadores enfocados que se emplean para los emisores gamma tienen un foco geome£trico profundo y 
con ellos se obtienen Ifneas de isorrespuesta a fuentes puntiformes que son casi independientes de la profundidad 
en una extensiön de 20 cm. Los resultados experimentales han permitido obtener datos para construir colima- 
dores que reünen ciertas caracterfsticas especfficas. 

Algunos casos de tumor cerebral han sido explorados con un detector estacionario de cämara de rayos 
gamrma y presentados en un osciloscopio con memoria. Las ventajas de estos instrumentos estriban en su mayor 
sensibilidad y en la rapidez con que permiten visualizar el esquema de distribuci6n de la radiactividad, lo cual 
permite a su vez efectuar estudios dinämicos. Los inconvenientes que entrafia el empleo de esos dispositivos son, 
entre otros, la dificultad de marcar caracterfsticas anatömicas y las deformaciones geom£tricas a que dan lugar. 
En la memoria se comparan estas ültimas al utilizar cämaras estenoscöpicas y cämaras de matriz. Se discuten 
las meioras obtenidas modificando los circuitos para lograr que el tamafio de la imagen sea independiente de la 
energfa de los rayos gamma. 

El anälisis de los centelleogramas del cerebro presenta dificultades cuando la regi6n sospechosa acusa un 
fndice de recuento sölo ligeramente superior al de las zonas que la rodean. Se ha determinado un esquema 
<normal> de fndice de recuento para una cabeza, dividiendo los centelleogramas en regiones que desde el 
punto de vista anatömico son casi equivalentes de un paciente a otro, y contando los datos centelleogräficos en 
cada regi6n. Todo centelleograma anormal se puede comparar con este esquema. Estos tipos de andlisis pueden 
efectuarse con provecho mediante calculadoras. 

Tambien puede ser ütil emplear tecnicas de promediaciön continua para facilitar la percepci6ön de ano- 
malfas no muy alejadas de los Ifmites de detecciön en sistemas detectores m6viles. En la memoria se estudia 
la posibilidad de utilizar analizadores multicanales para aplicar esas t&cnicas y permitir al mismo tiempo un 
nuevo y ütil procedimiento de presentaciön del centelleograma tanto en los sistemas möviles como en los 
estacionarios, 


1. INTRODUCTION 


For the past four years we have been carrying out cerebral scanning 
at Hammersmith Hospital. Because there is not a large neurosurgical unit 
in the hospital the majority of cases have come from other hospitals, and 
only about 40% have been Hammersmith patients. The extra difficulties 
which inevitably result from such an arrangement, e.g. transport, has made 
our series much smaller than those of other speakers in this section of the 


Symposium. 
The series falls into two sections: 


(1) 1960-1962 when cyclotron-produced isotopes of arsenic were used with 
positron detection; and 


(2) 1962-1963 when reactor-produced iodine labelled albumen was used with 
a focusing collimator. 


* MALLARD, J.R. et al. "An analysis of quantitative colour display for scanning", these Proceedings. 
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2. THE ARSENIC-POSITRON TECHNIQUE 


The presence of the Medical Research Council 20-MeV cyclotron at 
Hammersmith made the choice of cyclotron-produced arsenic isotopes an 
obvious one particularly in the light of the improved resolution obtainable 
at that time with positron detection as reported by BROWNELL [1] and the 
very successful series using arsenic-74 reported by SWEET and BROWNELL 
[2], and SWEET, MEALEY, BROWNELL and ARONOW [3]. 

The technique and early results of the Hammersmith As series have 
been reported elsewhere [4-6]. To detect the pair of annihilation y-ray 
photons, two 13-in-diam. ‚ 1-in-thick sodium iodide crystals were usedas 
an opposed pair with cylindrical collimators 11 cm in length; the crystals 
were separated by approximately 17 in for A.P. scans and 15 in for lateral 
scans. The pulses from each counter were passed to a coincidence unit, 
the output of which was fed to the printing unit of the scanning machine. As 
a result only those pulses resulting from radiation arriving simultaneously 
in both detectors from a well-defined core between the counters were re- 
corded. The same counting system but with a crystal separation 22 in has 
been investigated by DYSON [7] who found that the 50% resolution diameter 
in a water phantom was 2.1 cm and the 5% diameter 4.5 cm (see Table I). 


TABLE I 


COMPARISON OF ISOCOUNT CHARACTERISTICS OF 
POSITRON AND "DEPTH-INDEPENDENT' COLLIMATOR SYSTEMS 


300-400 keV gamma rays 
Arsenic positrons "Depth-independent' 
19-hole focusing collimators 


After DYSON (1960) | ARONOW | Aronon 002 | (MYERS and MALLARD 1964) 


(em) (em) 
70% isocount diam. 12 
50% isocount diam. 1.8 
10% isocount diam. 3.9 


70% isocount depth 
(em) 


The point-source resolution of the system is good and in addition it has the 
advantage that the count-rate does not vary much along the axis jJoining the 
two counters. For Dyson's counters, at a rather larger separation than 
we have used for brain-tumour localization, the count-rates were never less 
than 70% of the maximum for a thickness of 24 cm along with central axis 
in a water phantom and can be expected to be 18 cm or more in our con- 
ditions. ARONOW [8] has given the isoresponse curves of his system which 
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uses smaller scintillating crystals of 2 cm diam.and as a result his 50% 
resolution diameter is somewhat smaller at 1.8 cm; the longitudinal res- 


ponse distance along the central axis enclosed within the 70% isocount sur- 
face is 11.5 cm (Table ]). 


The most generally used isotope of arsenic is As’% [1,3,8] with a half- 
life of 17.4 d, but we were interested in using the shorter-lived As’?, with 
a half-life of 26 h, because it emits, on average, 2.7 times as many posi- 
trons per disintegration. The radiation dosimetry of As’? has been calcu- 
latedby TURNER[9] and compared withthat for As” by MEALEY, BROWNELL 
and SWEET [10]. The critical organ is the kidney, and for the As’? dose 
(2.5 mc) used by MEALEY et al.[10] the kidney dose is almost 13 rad and 
if this is taken as the limiting dose per examination then 1.3 mc of As’? can 
be administered which, because of the much greater positron emission of 
As!?, gives 1.6 times as many positron coincidence counts over the brain 
than As’. This increased count-rate, together with a reduced whole-body 
dose from 3.1 to 1.0 rad, was worth having and every effort was made to 
use As’? in the series. 


However, because of its short half-life it was necessary to produce and 
prepare the material shortly before each scanning session, and, inevitably, 
in spite of great efforts by all concerned, it could not always be available 
atthe moment a scan was needed. To overcome this, a stock solution of 
As’* was maintained, again made by the M.R.C. cyclotron team. Of the 
93 cases scanned with arsenic, 18 were carried out with As’? and, for the 
purpose of the series, they have been taken together with those using As’®. 


The scanning machine used was the colour-scanning machine described 
elsewhere in this Symposium [5,5a]. The count-rates obtained in the scans 
were in the low count-rate range with about 2 cps over normal brain. Intra- 
venous injections were given, the patient adjusted in position and the head 
held steady by a webbing band (see [6] Fig.1). The patients are not normally 
sedated and the scan is commenced as soon as possible after injection be- 
cause the greatest concentration of isotope in biopsy specimens has been 
shown by MEALEY et.al. [10] to be immediately after injection. Thelateral 
scan takes about 45 min and the A.P. scan about 30 min which is usually 
carried out after the lateral one if there appears to be a region of interest. 


We have noticed on occasions during the A.P. scan, that the count-rate 
falls from one side to the other, the side scanned first being higher. This 
effect is also found to a lesser extent in the lateral scan; for example, there 
is usually a relatively higher level over the occipital region when scanning 
from posterior to anterior than from anterior to posterior. Presumably 
this is due to clearance of the arsenic from the system. It leads to more 
difficulty in the interpretation of scans and has, in a few cases, led us to 
state the wrong side for a lesion localized correctly in the lateral. Inci- 
dentally, we agree with the comment by ARONOW [8] that it is not always 
easytoobtainthe medical staffatthe right moment togivetheinjection which 
is a small point in favour of using albumen which is given the previous day. 
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3. THE ALBUMEN-FOCUSING COLLIMATOR TECHNIQUE 


In mid-1962 the M.R.C. cyclotron was not operational whilst major 
modifications were made to it for a neutron therapy programme and it be- 
came necessary to use another technique for cerebral scanning. At that 
time the published results of DICHIRO [11] were sufficiently good to sug- 
gest that Il31 Jabelled human serum albumen was the next material of choice 
after arsenic. 

Since this material is not a positron emitter a new detecting system 
was required and it was necessary to design a collimator to achieve the de- 
sired resolution. It was decided to attempt to design one able to give not 
only a resolution laterally, which agreed as closely as possible with that 
of the arsenic positron technique that was thought to be adequate, but which 
had a longitudinal characteristic which was, as much as possible 'depth in- 
dependent' in phantom, again, to be similar to the arsenic positron tech- 
nique. For brain, or other deep organ scanning, we consider that 'depth 
independence' is required over as much as 20 cm in phantom and the colli- 
mators designed here closely approach this; they approach the ideal theo- 
retical contours discussed by BROWNELL [12]. ARONOW [8] has com- 
mented that the shape of the arsenic characteristics already discussed are 
ideal for brain scanning when one has no prior knowledge of the position of 
the suspected lesion. It is important that there should be a good chance of 
detecting an abnormality far from the collimator and deep in the head as well 
as more superficially. The positron technique possessed this attribute as 
a result of using two counters, one on either side of the head, and some 
workers have used two counters connected as parallel [13] or as difference 
(or out-of-balance) counters [13-14]. One could, of course, scan both sides 
with a single counter but the time taken becomes prohibitive. Even so, using 
these techniques itisessentialtoensurethatabnormalitiescan be detected 
reasonably well in the centre of the head at 8-19 cm deep in tissue. 


Most focusing collimators designed for scanning have been designed 
with a geometrical focal distance for the holes equal to the length of the colli- 
mator; the point-source characteristics of these collimators show that the 
radiation focal distance is at about 75-80% of the geometric focal distance 
and lie between 4 and 8 cm depth in air (300-400 keV) [15-18]. Table II com- 
pares their properties with those of the long-focusing ones designed here 
[19]. Although the shorter focusing collimators give a very good lateral 
50% resolution diameter ranging from 0.6 to 1 cm, the longitudinal response 
falls to 70% of the maximum count-rate at depths from 5 to 9 cm in air which 
would be about 4 to 7 cm in phantom. These collimators are therefore ex- 
cellent for scanning thin organs or for scanning where the depth of the ab- 
normality is known and can be placed near the depth of the radiation focus 
but cannot be expected to do so wellin detecting more deep-seatedabnormalities., 


The long-focusing collimators have a geometrical focal distance of 
twice the length of the collimator and the 70% response line occurs at depths 
of 13 to 18 cmin.a water phantom. This improved depth response has been 
achieved at the expense of the point-source lateral 50% resolution diameter 
which becomes somewhat greater than 2 cm in order to retain adequate 
sensitivity, due to the appreciable attenuation of radiation from the much 
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greater depths. However, these resolution diameters compare well with 
the resolution of the positron detector system. 

Figure 1 shows the isocount lines for the collimator-counter system 
used for this series together with the longitudinal central-axis depth res- 
ponse in a phantom. We have found that the lateral 50% resolution diameter 
of long-focusing collimators in air is only increased by 7% when measured 
in phantom. The longitudinal characteristics are found to be those of 'inair' 
multiplied by the appropriate attenuation factor ed, for depth d, in agree- 
ment with CRADDUCK and FEDORUK [20]. 

It is now hoped that it will prove possible to design a long-focusing colli- 
mator with better resolution characteristics; this should be possible by the 
use of smaller holes but a better collimator material than lead may prove 
to be necessary (compare HARRIS [18], with shorter focusing collimators). 

The counter used for the clinical series had 19 individual small crystals 
set behind each hole of the collimator and encased in lead to attenuate back- 
ground counts. The room background is considerably lower thanfor a single- 
crystal system employing the same collimator and shielding. A figure of 
merit similar to that of DEWEY and SINCLAIR [16] was used to indicate 
the probability of detecting a tumour and values were found which agreed 
closely with those found using a 33-in-diam,, 3-in-thick crystal also using 
a 19-hole long-focusing collimator of similar characteristics. In high count- 
rate scans a 1. 6-cm-diam. sphere containing 8 times the background concen- 
tration of radioactivity should be detected at a depth of 13 cm [35a]. 

The albumen doses were given approximately 24 h before scanning, the 
the average dose being 300 uc. The radiation dose to the patient has been 
estimated by DI CHIRO [11] as being 0.5 rad which is considerably less 
than for As’*. The count-rates found over normal brain in the scans were 
of the order of 10-20 cps, some 5-15 times greater than for arsenic. 


4. RESULTS OF THE ARSENIC AND ALBUMEN SERIES 


In this trial study the physicists performing the investigations and inter- 
‚preting the isotope scans were situated in one hospital whilst most of the 
patients were referred from an entirely separate institution and were sent 
for examination with no clinical details apart from their name, age and the 
possibility that they might be suspected of harbouring a space-occupying 
lesion within the skull. Normals were included in the series without the 
knowledge of the physicists. In this way any possible aid from clinical 
examination or radiological data was eliminated from the trial. 

The results of the scans reported at the time of examination have been 
checked and assessed by the clinicians in the light of subsequent clinical 
knowledge. Only those patients in whom a definite diagnosis has been made 
as a result of biopsy, craniotomy or autopsy, are included in the figures 
presented. In this way 44 of the total number of 133 still await verification. 

The scans were assessed as accurate, inaccurate, false positive or 
false negative. Only those scans which provided information enabling the 
celinician to place a craniotomy directly on the tumour were considered ac- 
curate. 'Near misses' were rejected and were classed as inaccurate, to- 
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Point-source isoresponse lines (Au!®; 411 keV) and central axis response in tissue equivalent phantom 
for 19-hole long-focusing collimator ('depth-independent‘).. 


gether with localization in incorrect sites. False negative scans were those 
in which no abnormal increases in count-rate were reported although a 
space-occupying lesion was discovered subsequently by other investigations. 
All 'normal' patients had further investigation performed which failed to 
reveal the presence of a space-occupying lesion. Such patients have also 
been followed up for at least a year without further evidence coming to light. 
Scans on these patients demonstrating areas of abnormally high count-rates 
were regarded as falsely positive. 

The results of the two series are shown in Table III. Accurate scans 
are shown as a fraction of the total performed in that group. Several 
features are prominent in the Table. The series is small and shows a high 
proportion of normal patients. This results from a deliberate attempt on 
the part of the clinicians to send a representative selection of case material 
for examination. This fact undoubtedly affects the overall results and also 
affected the course of the trial because, as confidence in the method in- 
creased more difficult clinical problems were presented. Thus it will be 
seen that the proportion of gliomata in the later iodinated albumen series 
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TABLE II 


RESULTS IN 89 PATIENTS SCANNED 


Type of lesion As’? and As’? we 
Gliomata 

Benign 0/3 2/2 

Malignant 10/15 2/4 
Meningiomata 3/3 3/3 
Pituitary tumours 2/2 1/1 
Metastases 10/13 6/8 


False negatives 
for all tumours 6/36 3/18 9/54 


Haematomata 1/1 2/4 3/5 
Infarcts 2/4 0/1 23 
Angiomata 0/1 - 0/1 


Total pathology 28/42 16/ 23 44/65 


"Normals’ 10/14 7/10 17/24 
False positives 4/14 3/10 7/24 


is lower than in the earlier arsenic series, suggesting that a greater pro- 
portion of clinically borderline cases were examined using radioactive io- 
dinated albumen. 


In common with other workers in this field, benign lesions such as 
meningiomata and pituitary adenomata were localized with ease, whilst the 
inaccurate results were more frequent with slower growing infiltrative types 
of glioma. This is of importance to the clinician, since early diagnosis and 
therapy affects the ultimate outcome for the patient a great deal more in 
the former than the latter group. Another interesting feature is the greater 
accuracy in patients with metastatic lesions of the brain. The presence of 
multiple areas of high uptake enabled the clinician to make a definite 
diagnosis and the patient was spared less pleasant procedures. Errorsin 
this group of metastatic lesions occurred when the secondary lesions were 
smaller than the minimum size needed for detection by our counting method. 


Increased count-rates were also found over haematomata and occasional- 
ly from cerebral infarcts. Indeed it was not possible to distinguish between 
space-occupying lesions due to neoplasia or to vascular causes although it 
is hoped that more refined techniques may ultimately make this possible. 
Similarly one cannot predict the likely histological characteristics of the 
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Lateral scan using As" showing a high count-rate (red, mauve and blue marks) 
in the post-parietal region over the site of a burr hole. 


lesion although meningiomata appeared to give the highest count-rate in- 
creases relative to surrounding tissue of all the tumour types (Fig. 2). 

The anatomical situation of the tumour had some bearing on the results 
in that lesions on the floor of the middle fossa or in the posterior fossa were 
found difficult to detect because of the normal high count-rate over these 
areas. Similarly recent operative procedures on the scalp, such as burr 
holes or even recent injury from epilepsy, led to false positive readings, 
due presumably to inflammatory changes in the scalp (Fig.3). We have 
observed that if the scan was carried out after radiological air studies, or 
angiograms, there was more chance of recording a false negative. As many 
as 7/9 (80%) of our false negatives whilst only 24/43 (55%) of correct locali- 
zations followed such a test. It may be that the scan should be used as an 
initial investigation. 

The high incidence of false positive and false negative results in our 
hands will no doubt diminish with experience but the presence of these er- 
rors and the inherent difficulty of detecting lesions below a certain size 
means that cerebral scanning cannot be used as the moment as a method‘ 
of.excluding intracranial pathology. Our overall performance is seen from 
Table III to be about 70% correct, a figure somewhat lower than that re- 


BRAIN-TUMOUR LOCALIZATION 133 


ported by other workers [3, 8, 11,27]. We believe that this has resulted from 
the small series, the very strict criteria used to score a success and the 
fact that definite normals were deliberately mixed in the series without prior 
knowledge of the physicist so that each case was scanned as if it were a sus- 
pected lesion. 


This method of localization of space-occupying lesions within the head 
has the great advantage of being painless and harmless. It does not disturb 
the patient in any way apart from the inconvenience of an intravenous in- 
jecetion. It does, however, require the co-operation of the patient for 
a period of about one and a half hours, during which time the patient must 
lie still. In confused or restless patients this may be impossible and we 
were unable to use the method for the acutely ill. This resulted in the 
exclusion of acute lesions such as cerebral abscesses from our trial. The 
use of a gamma camera may shorten the period required for examination 
and enable the range of the method to be extended. 


This examination does not disturb the intracranial hydrodynamics in 
any way. In no patient did we observe neurological deterioration following 
the procedure. Other conventional radiological methods of localization un- 
doubtedly cause such deterioration and these conventional methods are there- 
fore better used in a neurosurgical centre with facilities for immediate oper- 
ation, if this becomes necessary. Brain scanning with isotopes will enable 
definite diagnostic work to be carried on outside a neurosurgical department 
and reduce the demand on such a department considerably. 


The method may be used in two ways to aid the clinician. It can be used 
as an initial investigation on many patients and if a clear-cut scan is obtained 
over the area suspected clinically, a surgeon may be prepared to carry out 
a therapeutic procedure on this evidence alone. We have already started 
to treat patients successfully along these lines. Other patients will clearly 
require further radiological investigations. This method cannot give precise 
anatomical information concerning neighbouring structures which the sur- 
geon may need in planning operative treatment. 


Secondly, brain scanning may be used as a complement to conventional 
radiological methods when these fail. Early or small lesions are difficult 
to detect radiologically in the parietal parasagittal regions and the occipital 
lobes. These situations are readily accessible to scanning techniques and 
such lesions as early meningiomata or gliomata may be easily seen when 
other methods fail. Figure 4 shows an occopital gliomainfiltrating the pos- 
terior half of the corpus callosum with its accompanying scan. In this patient 
both ventriculography and arteriography failed to locate the tumour and suc- 
cessful biopsy was carried out on the result of the brain scan. 


It must not be forgotten that the method can only be carried out in 
centres where trained physicists, clinicians and other staff with the neces- 
sary experience and facilities to handle radioactive isotopes are available. 
Problems such as incontinence of patients, for example, with contamination 
of hospital equipment needs careful supervision. However, within these 
limitations and those mentioned above it is a useful addition to the diagnostic 


armamentarium. 
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Fig. 4 


Section showing occipital glioma infiltrating the posterior half of the corpus callosum 


with the lateral colour scan (I?! H.S 


The tumour is seen as the higher count-rate yellow marks. 
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9. A QUANTITATIVE APPROACH TO THE ANALYSIS OF CEREBRAL 
SCANS 


A technique has been developed primarily to help in the interpretation 
of those cerebral scans in which there is no strikingly obvious abnormality 
but in which a visual inspection suggests that there may be an abnormality 
but one which requires some statistical analysis for its confirmation. 


SI PEST HerAn Porscarn 


Interpretation of the borderline A.P. scans is generally based on sym- 
metry or lack of symmetry between the left and right sides. In the border- 
line cases a count is made of the number of marks in equal areas of a grid 
in anatomically equivalent positions, as shown in Fig.5. The difference 
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Mean normalised dot densities for six patients with no evidence of any space-occupying lesion. 


Fig. 5 
The quantitative analysis of brain scans. In A.P. scans, equivalent areas on either side are compared. 
The method of constructing the grid used for the lateral scan is shown. The family of profile curves 


along the lines of the grid show the variation of normalized dot densities from area to area of the grid 
averaged for six patients with no evidence of any space-occupying lesions. 


in count-rate N, -N, is reported as abnormal ifit is 4or more standard 
deviations of the difference (\(Nrk+NL)/P where P is the print-out number), 
probably abnormal if between 3 and 4, borderline normal from 2 to 3 and 
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normal if less than 2. For borderline abnormalities on the mid-line a pro- 
cedure similar to that given below for lateral scan interpretation must be 


adopted. 


5.2. Thelateral scan 


The borderline lateral scan is more difficult to interpret than the A.P. 
scan and each one must be viewed in comparison with the normal pattern. 
Because of variations in the normal pattern it is seldom satisfactory tointer- 
pret by inspection, that is, by comparing the appearance of the scan 
in question with a selection of normals. This is particularly so if the region 
of interest lies in or near regions which normally have high count-rates 
for it is then difficult to decide by inspection whether the pattern is a normal 
variant of abnormal. 

A procedure has been developed to obtain the mean normal dot density 
pattern in quantitative terms for comparison with the scan in question. The 
grid shown in Fig.5 gives areas which, as far as possible, are anatomically 
similar from patient to patient. It is obtained by dividing the distances be- 
tween certain external bony features of the skull into equal parts, as seen 
in Fig.5. The dot density is determined for each of the areas produced and 
each one is normalized by dividing by the average dot density for the whole 
head (i.e. total dots/total area). 

The normal dot density pattern has been determined by considering six 
cases with no known space-occupying lesion. The findings are most con- 
veniently displayed as a family of profile curves in which the average nor - 
malized dot density together with a standard deviation is plotted against po- 
sition in the head (see Fig.5). The profile curves for a suspect scan may 
be superimposed on the appropriate normal curves, and any increase in dot 
density is then immediately apparent. The increase may be expressed as 
as a multiple of the standard deviation (S.D.) of the difference between 
the normalized dot density in a given grid position for the suspect scan and 
the corresponding average normalized dot density for the normal scans. 

Figure 6 shows the lateral scan of a patient in which, by inspection, 
the colour and dot density appeared to be slightly higher than normal in the 
parietal region. The scan was analysed, as above, and Fig.7 shows the 
appropriate curves for comparison with the normal; grid position 3C (5S.D.), 
and possibly 3D, 2C, 2D, 4C and 4D (range 1.5-2.7 S.D.) are regions of 
abnormally high uptake. A tumour, thought to be a glioblastoma, was sub- 
sequently found in this region. 


In order to assess the value of this technique the lateral scans of 8 
patients with proven lesions selected at random have been analysed in this 
way. Each of these eight scans might have been interpreted as being normal 
on the basis of qualitative inspection of the black and white pattern alone. 
The results are given in Table IV. Column 5 gives the number of grid po- 
sitions adjacent to the one with the largest dot density difference from 
normal (Col.4) where the difference is greater than 1.5 S.D. Although one 
single grid position may not show a significant dot density difference by it- 
self, several questionable differences will increase the significance. This 
is illustrated by patient A.C. where in five grid positions the difference was 


12% 
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Fig. 6 


A.P. and lateral scan (As’*) of the patient analysed in Fig. 7, showing a slightly increased count-rate 
in the parietal region. A tumour, thought to be a glioblastoma was found in this region. 


only 80-90% significant in each one but nevertheless the region showed an 
overall significant increase which corresponded to a proven lesion. 

Of these eight difficult cases, the colour scan gave the correct answer 
in five of them. For the other three, the lesions were in the temporal re- 
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Column C Row 3 
1-8 1-8 
1-6 16 
1-4 1:4 
1:2 1:2 
1:0 1:0 
0.8 0-8 
06 0-6 
0-4 0-4 
0-2 0-2 
0 0 


Fig.7 


The profile curves obtained from the scan shown in Fig. 6 superimposed on the mean curve 
for six patients with no evidence of any space-occupying lesion 
——8—— Normal (mean of 6) 
Rt paTlentaW=G. 
The normalized dot densities in anatomically equivalent regions for patient W.G. 
compared with the mean for six patients with no evidence of any space occupying lesion 


gion and two of them were still not detected by the analysis, but for the third 
(L.S.) the analysis showed a significant increase over the tumour site (there 
were other areas showing increases, however, which could have been con- 
sidered abnormal). It may be that the apparent increases found in some 
scans (e.g. A.R.) are due to inaccurate positioning of the outer canthus and 
external auditory meatus, movement of the patient on previous investigations 
disturbing the intracranial dynamics. The validity of this method of inter- 
pretation depends on the use of a grid, variable from patient to patient, 
based on external bony structures and assuming that it is related to internal 
anatomy. Inthe case of count-rates obtained in cerebral scanning, the small 
S.D. ofthe mean values found for six normals suggests that this is not far 
from the truth. We have been encouraged by the work of DI CHIRO [21] who 
has paid much attention to the relationship between the normal anatomy of 
the brain and the normal isotope scan. 

It may prove to be possible to present the information of the normal 
dot density pattern to a computer so that when a patient's scan is fed directly 
into it areas of abnormality can first be found by the computer. Perhaps 
this method of analysis may have applications to scans of other regions of 
the body. 


6. PRESENT DEVELOPMENTS 
6.1. The use of Bi2% 


The Medical Physics Department is currently engaged in investigating 
the possible use of cyclotron-produced Bi206 for cerebral scanning. MATTHEWS 
and MOLINARO [22] have carried out experiments in which both the uptake 
of a subcutaneous fibrosarcoma and that of normal brain has been measured 
in rats for 17 different radioactive substances. Figure 8 shows the ratio 
of tumour: brain concentration for these substances at stated times after 
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Fig. 8 


The ratio of concentration in a subcutaneous fibrosarcoma to that in normal brain in rats 
for 17 radioactive substances. (MATTHEWS and MOLINARO [22].) 


intravenous injection. The value found for iodine-labelled albumen is 16 
whilstthat for arsenateismorethantwice asgreatat38, but Hg?"®-neohydrin 
was only 7. By far the greatest ratio was found for bismuth citrate at about 
five times the albumen ratio. This improvement was due primarily toa 
low brain uptake of bismuth rather than an increased tumour uptake andis 
accompanied by a lower muscle and blood level as compared with the other 
materials. As a result the brain background should be reduced as also the 
masking effect of muscle; the bone level is similar to that of the other 
materials. 

Bi206 has been used for brain-tumour localization by MUNDINGER [14] 
‚but not using scintiscanning. He determined timed counts in 18 positions 
over the head and recorded the difference between counts taken on the right 
and left side; in 56 patients he claims 87.5% efficiency. He also found that 
the variation of count-rate over the lesion with time depended on the type 
of lesion and the localized vascular lesions could be differentially diagnosed. 

Bi?0%, with a half-life of 6.3 d, has a complex spectrum of y-rays from 
180 kV to 1.7 MeV but a large proportion of the radiation is from 77 keV 
X-rays formed by internal conversion. Preliminary attempts were made 
to scan patients using doses of 250 uc of Bi?%, The body background was 
excessively high, not only due to radiation penetration of the shield, which 
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was as thick as could be tolerated, but also because of a high retention of 
the isotope in the body. Measurements of the urinary excretion of bismuth 
from three patients indicated that only about 10% of the dose had been ex- 
creted by this route at the time of the scan (20 h). Asa result it will be 
necessary to devise techniques to reduce the body background countsbya 
factor of 10 before this material can be used satisfactorily for scanning. 


6.2. The use ofa gamma camera 


A prototype gamma camera using a 5-in-diam. 3-in thick crystal with 
a 3/8-in-diam. pinhole and a storage tube display [23-24] was used to exa- 
mine some of the patients sent for scintiscanning with iodine-labelled al- 
bumen. Figure 9 shows A.P. and lateral camera pictures taken in only 
about one third of the time of the scintiscanning technique. This particular 


Fig. 9 


A.P. and lateral scans (1!?! H.S.A.) of the same patient as Fig. 4 taken with a gaımma camera 
in one third of the time needed for the colour scintiscan. The tumour was seen much more clearly 
in the A.P. gamma camera picture than in the colour scan. (The lateral scan shown here 
has been damaged in reproduction but the tumour can still be perceived in the occipital region.) 
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tumour was clearly perceived on both machines but was much more visible 
inthe A.P. view taken with the camera than with the colour scan. 

We have found the difficulties arising from geometrical distortion to 
be quite considerable and, combined also with the difficulty of marking ana- 
tomical features satisfactorily on the pinhole camera display, have not yet 
used it routinely. We agree with the findings of BENDER [25] that the use 
of a grid collimator reduces geometrical distortion of the image and have 
also used a grid providing three times the sensitivity of the pinhole system. 

We are at the moment constructing a 7-in crystal camera and intend 
to incorporate into it logarithmic amplifiers instead of the usual linear ones 
which follow the photomultipliers. The dependence of the positioning signals 
on y-ray photon energy should be removed which should make it possible to 
use much wider channel widths than hitherto and thereby improve sensitivity 
for the same crystal size. 


6.3. Profile scanning of the head 


The method of quantitative analysis of cerebral scintiscans described 
in section 5 results in the presentation of a series of count-rate profiles 
along different lines across the head. It is possible. that in the typical cere- 
bral scan, much time is spent acquiring information in regions of compara- 
tively little interest which could be devoted to a more important region. 

The use of continuous averaging techniques to improve the signal-to- 
noise ratio should be of value. A line of several highly collimated colli- 
mators could be moved to and fro across the head at fairly rapid speeds 
their pulse outputs being fed into a multichannel analyser. Each channel 
of the analyser accepts only the pulses from a small portion of the traverse 
across the head from a given counter and at each traverse, the pulses re- 
ceived from the same portion are summed. The random background will 
increase as the square root of the number of traverses whilst the tumour-to 
background count-rate difference increaseslinearly; thetumour-to-background 
ratio is thereby improved at each traverse. For a given area scanned 
over a given time there is no extra information acquired compared with 
conventional scanning but it may enable one to spot the suspicious area 
more quickly and therefore allow one to spend much more time traversing 
this important region alone. 

Finally, the use of multichannel analysers together with such a scanning 
system makes it possible to present a display in the form shown in Fig. 10, 
which is taken directly from a manufacturer's data sheet. X and Y co- 
ordinates present the area of scan whilst count-rate at a point appears as 
a height displacement of the appropriate spot. An effect of hills and valleys 
like a contour map is produced, which is very similar to the three- 
dimensional representations of composite profile scans (taken in the con- 
ventional way) by MacINTYRE, CRESPO and CHRISTI [26] and DOERING 
[28]. In addition, because of bunching of spots on one side of the hills and 
valleys, an extra visual contrast is displayed. The count-rates can be read 
off at will for any chosen co-ordinates. This display could also possibly 
be used with gamma cameras. It would be very exciting to apply this tech- 
nique to cerebral scanning. 
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Fig. 10 


Possible form of display using multichannel analyser. Count-rate is displayed as a height displacement 
from the xy plane and can be read out for any point. Used in conjunction with a mülticounter system 
(one for each line) moving to and fro fairly rapidly. continuous averaging 
will improve tumour-to-background ratio. The display could also be used with a gamma camera. 


7. CONCLUSION 


The results of a small clinical series of cerebral scans carried out 
using two different radioactive materials have been presented. The two 
techniques were different, one using a positron emitter with coincidence 
ceircuitry, the other using a focusing collimator with a gamma emitter, but 
their point-source isocount characteristics were made very similar by the 
use of a long-focusing 'depth-independent' 19-hole collimator. The percent- 
age of successful localizations shown in Table III is somewhat lower than 
that of other workers with much larger clinical series but the criteria used 
to score a success have been very rigid. 

An analysis technique is described to aid the more accurate reporting 
of the presence or otherwise of abnormalities in cerebral scans and current 
«work to improve the scope and accuracy of the isotope localization technique 
include the use of Bi?'®, the gamma camera, and continuous averaging 
techniques. * 

We are confident that the method will take its place in the diagnostic 
side of a neurological and neurosurgical department, principally because 
of its relatively harmless nature and secondly as a further aid in the solution 
of problems that patients with neurosurgical disease present. 
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DISCUSSION 


H.A.B. SIMONS: Have you tried a more sophisticated statistical tech- 
nique to analyse your brain-scanning results? Have you compared the ef- 
ficiency of scanning with other clinical techniques, such as angiography, 
for tumour detection? 
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J. MALLARD: We have not done this, but our neuro-surgeon, Mr.Brice, 
has compared all our reports with the data obtained by other procedures on 
the same patients. Surely the important questions here are whether the 
scan can show information which is missed by other methods and whether 
there is less risk to the patient in cases where the information obtainedis 
similar. 


SELECTIVE NEOPLASM LOCALIZATION WITH 
MERCURY-197 NEOHYDRIN 


D.B. SODEE 
DOCTORS HOSPITAL AND RENNER CLINIC FOUNDATION, CLEVELAND HEIGHTS, 
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Abstract — Resume — AunuoTauns — Resumen 


SELECTIVE NEOPLASM LOCALIZATION WITH Hg!9? NEOHYDRIN. Hg!97, a low-energy X- and gamma- 
ray emitter (2.7-d half-life, 69-keV conversion X-rays, 77-keV gamma-rays) was tested as a scanning agent 
in a large series of patients. Five hundred patients suspected of neuro-surgical disease were scanned with 
Hg!9”-Neohydrin. Utilizing photoscanning techniques that brought out vascular lesions as well as tumours, 
this procedure had a 96% correlation with the final diagnostic evaluation. This screening procedure was done 
before all other diagnostic tests, 

As an outgrowth of this brain-scanning procedure, we have found localization of Hg!97-Neohydrin in 
lymphomas as well as in carcinomas. There seems to be selective deposition of the radioactive substance 
intercellularly. Areas of increased uptake of radioactivity can easily be delineated with standard commercial 
scanners. 

Hg!?’-Neohydrin was also found to be useful as a screening agent in the differentiation of eye tumours in 
a series of 88 patients and recently this low-energy radiopharmaceutical was found to concentrate in naso- 
pharangeal tumours which could then be delineated by photoscanning. 

The diagnostic dose of Hg!9’-Neohydrin for brain scanning delivers a radiation dose of 3 rad to the kidneys 
as compared to the 70 rad delivered to the kidneys by that of Hg?®-Neohydrin. 

The high counting efficiency and ease of collimation of Hg!?’ make this isotope far better for scanning 
purposes than all other standard diagnostic scanning agents. 


LOCALISATION SELECTIVE DE NEOPLASMES A L'AIDE DE LA NEOHYDRINE MARQUEE AVEC I97Hg. 
Le mercure-197, &metteur de rayons X et de rayons gamma de faible Energie (p£riode de 65 h, rayons X de 
69 keV, rayons gamma de 77 keV), a Et€ essay& comme agent d'exploration scintigraphique sur un grand 
nombre de patients, On a utilisE la neohydrine marqu&e avec 197Hg pour la scintigraphie de 500 cas de neuro- 
chirurgie. Par des proc&d&s de photoscintigraphie qui permettaient la visualisation des l&sions vasculaires 
aussi bien que celle de tumeurs, on a obtenu des r&sultats confirm&s dans 96% des cas par le diagnostic final. 
La scintigraphie Etait toujours faite avant tous les autres tests. 

L'application de cette me&thode de scintigraphie du cerveau a permis, en outre, de constater que la 
neohydrine marqu&e avec !?’Hg Etait localisee aussi bien dans les lymphomes que dans les carcinomes. Il sem- 
ble y avoir depöt selectif de la substance radioactive au niveau intercellulaire. Les zones de fixation accrue 
de la radioactivit€ peuvent &tre aisement d&limitees avec des agents scintigraphiques courants. 

Des essais sur 88 patients on montr& que la n&ohydrine marqu&e avec Hg Etait Egalement utile comme 
agent de detection pour differencier les tumeurs des yeux; enfin, on a constat€ tout recemment qu'elle se 
concentrait dans les tumeurs rhino-pharyngiennes, que l'on pouvait alors d@limiter par photoscintigraphie. 

La quantit& de ne&ohydrine marqu&e avec !9THg nEcessaire A une scintigraphie du cerveau dElivre au reins 
une dose de 3 rad, contre 70 rad pour la n&ohydrine marqu&e avec ?2%Hg. 

Du fait de la grande efficacit€ de comptage et de la facilit€ de collimation, !?’Hg convient mieux que 
tous les autres agents classiques de diagnostic par scintigraphie. 


OBHAPY’XKEHMHE OIYXONEH C TIOMOMBR HEOTUAPUHA, MEYEHHOTO PTYTbR-197. 
Pryrp-197—-nanyuarenb PeHTTEHOBCKHX U TaMMa-nyyehi Manof 9Hepruu (nepmon nonypacnana 2,7 
IHA, KOHBEPCHOHHOE PEeHTTEHOBCKOE H3AyYUeHHe MOMHOCTEP 69 K3B, TaMmMa-H3nyueHHe 77 KOB) 
6511 ONPO60BaH B KayecTBe CKeHHHPYPMETO CpeucTBa v 60nBMoro KonnyectBa 6onbHbIX. Y 500 
6ONBHEIX C IIPeANONaTaeMEIMN HEePBOXHPYPTHYeCKHUMMH 3a601eBAHHAMH IIPOU3BENEHO CKeHHHPOBAHHE 
no H3IyYeHHRm HeOTHAPHHa, MeyeHHoro Hg19”. C noMombP MeTona POTOCKeHHHPOBAHHA YAanlocb 
BbIABHTb NOPaxeHHe COCyAOB U ONYXONH, IIPHYeM 3Ta MeTonnka B 96% o6ecneunBana Koppenalnm 
C OKOHYATENBHbIM AHATHO30M. DITa METOAHKAa PeHTTEHONOTHYEeCKOTO HCCNEeANOBAaHHA MPenmecTBo- 
Barıa BCeM APYTHM BHAaM AHaATHOCTHYeCcKOTO O6CNENOBAHHA. 
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C MOMOoUbE MEeToAa CKeHHNPOBAHHA TONOBHOTO MO3TA ABTOpbI O6HapyKHIM NOKanMS3aunD® 
Heornuapuna-Hg197 Kkak B 1UMboMax, TaK U B KapuMHOoMaX. IlO-BHAHMOMY, HMEET MECTO MEX- 
KIIETOYHOE CENEKTUBHOE OTIOKEHHE PaAHOAKTAUBHOTO BeleCcTBa. YYacTKu YCHNeHHOTO NOTNOUe- 
HHA PAAMOAKTUBHOCTH MOXHO NETKO OfIPeAeNHTb C NOMOLIBE CTAHAAPTHEIX HMePWIUIHXCA B IPONaxe 


CKEHHHPYB UHX YCTPOHCTB. 

HeoruapuH, MeyeHHbIä Hg!?’ , oKasanca MPMTOAHbBIM CPEACTBOM ANA PAANHR@NOTHYUeCKOTO UC- 
cnenoBaHuA PH YCTaHOBAEHHH AndhepeHumManbHOoTo MAMarHo3a TNasHbIX onyxoneh y 88 6ONBHBIX. 
HenaBHo 6bI1no O6HapyXeHo, YTO 9TOT PannobapMmaueBruuecKuf npenapaT C MATKHM H31y4eHHeM 
KOHUEHTPHPYETCAH B ONYXONAX HOCOTNOTKH, KOHTYP KOTOPbIX MOXHO 34TEM ONPeAenuTb C NOMOUBED 
BOTOCKEHHHPOBAHHN. 

ImarHhocrnyeckas A03a HeOTHAPHHa — Hg!®" ana CKeHHHPOBaHHA TONOBHOTO MO3TA CO3AAET A03Y 
o6nyueHHs TOoyeK, paBHyP 3 pal, B TO BpeMmA# Kak AHATHOCTHYecKan 1034 HeoruapuHa— Hg?" 


cosnaer ao3y o6nyuenHna B 70 pan. 

Bnaroaapa BbIcoKoA SB beKTHUBHOCTH CYeTa U NETKOCTH KONJIHMAUHH Hg!?, 39TOT H30ToN B 
ropa3ao 6onbWeÄ CTeneHN OTBeyaeT UeNAM CKEHHHPOBAHHA, YeM Bce ApyrTnue CTaHnapTHble Cpen- 
CTBa AHATHOCTHYEeCKOTO CKEeHHHPOBAHHA. 


LOCALIZACIÖN SELECTIVA DE NEOPLASMASCON NEOHIDRINA -I97Hg. Elautor ensayö como agente de ex- 
ploraciön el 197Hg, emisor derayosX ygamma de bajaenergia (periodo: 2,7d; rayosX de conversiön: 69 keV; rayos 
gamma: 77keV). Quinientos pacientes, que presentaban sintomas de afecciones neuroquirürgicas, fueron exami- 
nados mediante neohidrina-19” Hg. Aplicando tEcnicas de fotoexploraciön que revelantanto laslesiones vasculares 
como los tumores, se comprobö que entre los resultados asf obtenidos y el diagnöstico definitivo habfa una 
correlaciön del 96%. Ese procedimiento de examen se aplic6 antes de proceder a las demäs pruebas diagn6sticas 

Como resultado de la aplicaciön de ese procedimiento de exploraciön del cerebro, el autor descubri6 
localizaciones de neohidrina-!”’Hg en linfomas y carcinomas. Al parecer, la sustancia radiactiva tiende 
a depositarse selectivamente en regiones intercelulares. Con los aparatos de exploraciön de tipo comercial 
se pueden delinear fäcilmente las zonas de mayor absorciön de radiactividad. 

Tambien se comprob6 la utilidad de la neohidrina-!?’Hg para la diferenciaciön de tumores oculares en 
una serie de 88 pacientes; recientemente se ha observado que este compuesto radiofarmac£utico de baja ener- 
gfa se concentra en los tumores nasofarfngeos que luego pueden delinearse por fotoexploraciön. 

La dosis diagnöstica de neohidrina-!9’Hg administrada para la exploraciön del cerebro entrafia la absorciön 
de 3 rad por el rifiön; la de neohidrina-2°°Hg entrafia la absorci6n de 70 rad por este Gltimo Örgano. 

El elevado rendimiento de recuento del !?’Hg y la facilidad con que se coliman las radiaciones que emite, 
hacen que este isötopo resulte mucho mäs ütil para la exploraci6n gammagräfica que cualquier otro de los 
agentes habitualmente empleados. 


Screening methods for the detection of carcinoma are always being 
sought. Radioisotope methods utilized in the past for the detection of carci- 
noma have been tedious due to the choice of isotopes and, in some cases, 
the inadequacy of the equipment used [1,2,3]. Recently, during our routine, 
studies of brain scanning and renal scanning utilizing mercury-197 Neo- 
hydrin, we found that this compound was also localized in other tumours in 
all areas of the body [4]. Our studies on the scintillation detection of car- 
cinoma utilizing mercury-197 Neohydrin will be presented. 


METHODOLOGY 


Picker Nuclear Magnascanners, Nlodel 1108 B, were utilized throughout 
this study. For the last portion of the study, a 5X2-in sodium-iodide crystal 
was substituted for the 3x 2-in crystal. For alllarge organ scanning, a 
lead 19-hole collimator was used. 

When mercury-203 was utilized, an 80-keV window was centred on the 
279-keV photopeak of this isotope. For all studies when mercury-197 was 
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utilized, a window of 60-90 keV was used. In vitro tissue-counts were done 
with a 2X2-in sodium-iodide crystal and pulse-height analyser. 


DISTRIBUTION OF RADIOMERCURY-197 NEOHYDRIN 


Shortly after the injection mercurial compounds are protein bound, and 
in the tracer amount utilized for scanning are primarily bound to the active 
sulph-hydral amino acids cysteine and glutathione [5,6]. Soon after injec- 
tion, an increasing amount of mercury-labelled chlormerodrin is found in 
the red cell fraction and the peak concentration of 33% of the total blood 
radioactivity is found in the red cell fraction at 2 h. The clearance of 
chlormerodrin in blood has been found in patients to be between 3-6 h and 
the 24-h urinary excretion is 80% of the administered dose. The normal 
tissue concentrations of mercurials are found where active enzymatic activi- 
ty is taking place, with decreasing concentrations being found in the kidney, 
liver, spleen and intestine, The mercurials are readily diffusible into and 
out of cells; however in all tissues a percentage of the mercury entering 
the cell remains as this heavy metal combines with active protein moieties 
and this reaction causes denaturization of proteins intracellularly [7]. 

The mercurial denaturization of protein has been utilized to identify 
specific active mercaptan groups of proteins. This mercurial localization 
in the renal tubule cell has been utilized by our group and other investi- 
gators to detect unilateral renal disease by following the concentrations 
of radioactive mercury-labelled chlormerodrin in the kidney by uptake and 
scanning. 


RADIATION DOSIMETRY OF Hg!9 NEOHYDRIN 


Using whole-body counts the effective half-life of Hgl!?’ Neohydrin in the 
body was calculated to be 0.23 d. Utilizing the Hg!?'! characteristics des- 
cribed above, the whole-body radiation dose is 17 mrad/mc patient dose. 

The renal retention of mercury has been found by ourselves and others 
to be approximately 10%. In sacrificed normal dog kidneys and in externally 
counted human kidneys the effective half-life of mercury in the kidneys has 
been found to be 18 d. However, with Hg!” the effective renal half-time 
cannot be greater than the physical half-life of the nuclide which is 2.7 d. 
The radiation dosage to the kidneys is then 0.80 rad/150-uc patient dose. 
Thus the renal radiation dose of Hg203 Neohydrin of 42 rad is greatly reduced 
by utilizing mercury-197 Neohydrin [8]. 


CANCER DETECTION WITH MERCURY-197 NEOHYDRIN 


In the beginning of this study, we scanned areas suspected of carci- 
nomatous change at various times during a 72-h period. We found that in 
the majority of cases, the 24-h post dose scan was most acceptable for se- 
veral reasons. The blood background at 24 h had been reduced to a mini- 
mum, and for reasons being investigated the carcinoma cell retained the 
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most radioactive mercury, therefore making a good target-to-non-target 
ratio for clinical scintiscanning. In tumour areas in proximity to areas 
which normally concentrate mercury, we utilized thin lead shielding over 
the normal area, thus allowing us to concentrate on the tumour-involved 
area. Superimposition X-rays were done with small pieces of lead placed 
around the suspicious tumour area. Throughout this study we utilized 1 mc 
of mercury-197 Neohydrin intravenously. 


RESULTS 


Mercury accumulation, at 24-h post dose with 15-20% differential be- 
tween the tumour and the uninvolved skin, was found in the squamous cell 
carcinomas (Table I). The malignant tumours of the nasopharynx were visu- 
alized and particularly in this anatomic position the positive photoscans were 
quite useful to the radiation therapist in planning his field of therapy. The 
scans of the lymphomas were useful in classifying the extent of these dis- 
eases, andthereforein the planning of their therapy. Bone tumours, both 
primary and metastatic, were visualized by scan before X-ray changes could 
be seen. 

In the eye patients where the areas of tumefaction were quite small, 
we did confirmatory counting studies with a 4-in scintillation crystal and 
ratemeter at 2-, 5- and 24-h post dose as well as photoscanning the orbital 
areas. It was found at an early time that the malignancies concentrated 
mercury best in the 24-h count and there was as much as 100% difference 
between the involved area and the uninvolved area of the eye. Two of the 
eye tumours were missed by the counting and scanning procedures because 
of their small size. 

The bowel adenocarcinomas were the most difficult to visualize because 
the normal bowel mucosa also accumulates mercury. However, in the bowel 
tumours different rates of tumour turnover could be detected by scanning 
24- and 48-h post dose of mercury-197 Neohydrin. 

The false positives in this series of patients were found in the granulo- 
matous diseases. The histoplasmomas and tuberculomas concentrated more 
mercury on in vitro count of the lesions than did the carcinomas. This was 
particularly noticeable when evaluating coin lesions of the lung. 


MECHANISM OF MERCURY LOCALIZATION IN MALIGNANT TISSUE 


Mercurial compounds are almost completely protein bound in vivo, with 
the protein binding being non-specific with the exception of the very reactive 
sulph-hydral amino acids such as cysteine and glutathione. The non- 
specificity of reaction of heavy metal cations such as mercury with proteins 
deserves stress, although at low concentrations the reaction with -SH does 
appear the most significant [9]. It has been well documented that mercury 
concentration then progressively increased in order of concentration in the 
renal tubular cell and the hepatic cell. These are two cells where sulph- 
hydral enzymes are found in great concentration. However, intracellular 
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combination with certain protein moieties form insoluble compounds that 
remaininthe cell. 

Mercury when linked through one covalent bond to an organic moiety 
reacts essentially with one -SH per molecule according to the simple equa- 
tion R-Hg-X+R'S>R-Hg-S'-R'"+x. 

Like inorganic Hg**, organic mercurials have a high affinity for anions 
or groups with an available pair of electrons. 

Organic mercurials can cause inhibition of enzymes other than by reac- 
tion with -SH groups, and interact with thyroxine and related compounds. 

The following possibilities for mercury cellular localization are being 
explored: 


(1) The increased mercurial content and retention we find in tumour tissue 
can have multiple explanations. Cancer cells have a higher amino acid con- 
tent than normal cells, therefore, more -SH are available for mercury as- 
sociation [9]. 

(2) The presence of a trace amount of the chelating metal Mn has been 
shown to enhance amino acid transfer into cells, and the cellular uptake of 
this element by the cell was faster if the cells had been preloaded with amino 
acid. The A and B amino acids were accumulated whereas gamma amino 
acids were not. A second nitrogenous group removed 2-3 atoms from the 
amino group, greatly intensifying uptake. Structural features that increased 
ease of proton displacement from the amino group intensified uptake. A 
metal cation would be expected to displace this proton in forming a neutral 
chelate. Thus, mercury may be taking part in this transfer, and accumu- 
lating in the cell. 

(3) Cysteine and glutathione are basic amino acids and have specificity for 
mercury association, therefore, more mercury may be carried into the 
tumour. 

(4) Cancer mitochondria have deficient cell membrane with ion transfer 
changes as well as increased fragility. Nlercury itself will have detrimental 
effects on membranes, therefore causing eflux of proteins making more 
complexes with mercury or allowing mercury influx across the membrane. 
Wenner has shown that the link uniting DPN to mitochondria is not as strong 
in cancer as normal tissues allowing easier passage to cytoplasm [7]. 

(5) The cancer cell has increased DNA production, therefore increasing 
the utilization of the oxidative enzymes which utilize cysteine and glutathione 
for electron transfer. As mentioned before, these amino acids are mer- 
ceury carriers [10]. 

(6) The intense proteins synthesis in cancer cells makes it probable that 
more mercury will be bound intracellularly [11]. 


DISCUSSION 


For the past 20 yr, isotopic methods for speeding diagnosis have been 
developed and recently photoscanning, utilizing labelled pharmaceuticals, 
has grown in popularity. The commercial instrumentation and radiopharma- 
ceuticals have joined in our effort to make the radioisotope detection of dis- 
ease processes a practical, inexpensive shortcut to surplant our now te- 
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dious diagnostic methods. For the last 2 yr we have been utilizing mercury- 
197 Neohydrin as a useful brain scanning pharmaceutical and as a practical 
renal scanning compound. Recently, we found that this radiopharmaceutical 
is concentrated by tissue that has undergone carcinomatous change. This 
24-h measurable accumulation has been found in all areas of the body that 
have become carcinomatous with the exception of those organs that normally 
concentrate mercury to a high degree, such as the liver and kidney. This 
mercury accumulation has been demonstrated by in vitro counting techniques 
and by our clinical photoscanning techniques. It is hoped that this prelimina- 
ry clinical study will promote interest in the biochemical reasons behind 
this accumulation. We present several theories that may explain this mer- 
cury concentration by the carcinomatous cell. 

It is hoped that this simple scanning technique for the detection of cancer 
will have wide application and it is obvious that with accurate delineation of 
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Fig.1 


Below the glabella the concentration of mercury is in the nasopharynx mass of sarcoma invading 
the soft palate. 
Thelateral and centralconcentrations are in palpable lymphnnodes involved with reticulum cellsarcoma. 
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Fig.2 


(A) The concentration of mercury -197 visualized on this photoscan is in an area of squamous cell 
carcinoma involving the right labia majoria and labia minora. The left labia majoria and minora 
were involved with biopsy -proven leukoplakia. 


(B) The second scanisof the surgical specimen showingthe distribution of radiomercury on the photoscan. 
There was no concentration of mercury above normal skin concentration in the area involved 
with leukoplakia. 
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the area carcinoma that the fields for radiation therapy may be more accu- 
rately planned and the therapeutic results better determined. 


SUMMARY 


Preliminary clinical work describing the accumulation of mercury-197 
Neohydrin in all tumours is presented. Accumulation was found in all tu- 
mours; however, in those organs where mercury is normally concentrated 
this ability is lost with carcinomatous change. Granulomas, probably be- 
cause of their areas of necrosis, are also found to have a high mercury 
accumulation. 


CASE REPORTS 


(1) Progressing symptoms of nasopharyngeal obstruction over a two- 
month period in a 66-yr-old male. A large tumour mass could be visualized 
in the nasopharynx and the patient had firm 2cmX3cm nodes in theright and 
left cervical chains. Photoscan done tlıree hours post dose of mercury-197 
chlormerodrin revealed concentration of the isotope in the nasopharyngeal 
mass, its extension into the soft palate and into the cervical node chains. 

Scan repeated at 24 h revealed residual concentration in the described 
area of tumour. Biopsy revealed reticulum cell sarcoma. Well counts re- 
vealed the concentration in tumour to be 20 times the concentration in normal 
surrounding tissue. (See Fig.1) 

(2) White female, 82-yr-old, with a three-month history of pruritus 
and enlargement of an erythematous mass in the area of the right labia ma- 
joria. Physical examination revealed an angry erythematous area of in- 
filtration of connecting tissue in the area. The left labia appeared to be in- 
volved with leukoplakia. Photoscan of the area 24 h post dose of mercury-197 
Neohydrin revealed mercury uptake in the area of the lesion on the right. 
Scan of the surgery specimen, it was squamous cell carcinoma, revealed 
mercury only in the area of the anaplastic tissue. (See Fig.2) 
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DISCUSSION 


C. KELLERSHOHN: In your work on the visualization of tumours and 
anatomical structures, have you tried using mercuric chloride in place of 
Neohydrin? 

D. SODEE: We used mercuric chloride earlier in our work for brain 
tumour investigations and found that it was concentrated in the same way as 
Hg!9’-Neohydrin. We stopped using it because of the high blood background 
produced for some time following administration. We needed a tracer that 
would clear rapidly from the blood and so Neohydrin was the obvious choice. 

R. WOLF: We have been using Hg197 in the form of mercuric chloride 
to investigate cancer patients. \We have found it extremely useful for tumour 
detection and have obtained good results in cancer of the lung, tongue and 
ovaries. In one case we were able to visualize a malignant struma that could 
not be seen with 1131. There is, of course, a relatively high blood level for 
a period of 24 h following administration. 

M. AKERMAN: To what extent do you think that the uptake of the tracer 
by the tumour is affected by hyper-vascularization and neo-vascularization? 
One always finds these phenomena in malignant tumours. 

D. SODEE: I am sure that these vascular changes would increase the 
delivery of the tracer to the tumour. In our studies of the uptake of Hg197- 
Neohydrin, however, the concentration was just as high in non-vascular 
grade-1 astrocytomata as in tumours of other types. Intracellular locali- 
zation must therefore also be involved. 

M. TER-POGOSSIAN: In your study of the basic phenomena involved 
in the concentration of Hgl97 in tumours, have you considered using auto- 
radiography by means of the Auger electrons emitted? The resolution would, 
I think, be very good because of the low energy of the electrons. 

D. SODEE: We are starting autoradiographic studies now, using cell 
cultures of tumour and normal tissue. 

M. TER-POGOSSIAN: I should like to mention here that, following 
your lead, we switched from Hg20 to Hg19 for the localization of brain 
tumours. We find that because of the lower muscle background the results 
are better with the latter, particularly for tumours of the posterior fossa. 

L. DONATO: Have you studied the time course of the uptake of Neo- 
hydrin in tumours? 

D. SODEE: This has been done for several types of tumour. In several 
of the bowel tumours the mercury in the tumour was detectable for longer 
than in the normal bowel, which has been shown to turn over in approxi- 
mately 48 h. The lymphomata seemed almost like the renal tubular 
cell in that the intra-cellular retention of the mercury was quite prolonged. 
Obviously, further information on turn-over times in tumours would be of 
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vast importance and it is clear that a great deal of work will have to be done 
on this problem. 

C. HARRIS: For a time there was a good deal of confusion in the 
United States about the decay scheme of Hg197 and we were asked to investi- 
gate this scheme. This was done, apparently successfully. Inthe course 
of the work, however, we discovered that the previously accepted values for 
the mean beta ray energy, E;, and the gamma-ray dose-rate constant, T,, 
for this isotope were in error. We investigated further and began to lose 
confidence in the classical methods of calculating radiation dose to tissue 
as applied to Hg197 in the kidney, because of the highly localized deposition 
of mercury inthe organ. We are rather worried about this and I should be 
extremely interested to hear whether anyone else has done any work on this 
problem. 

C. KELLERSHOHN: This question canbe discussedinterms oftheinfluence 
of (a)the decay scheme of Hg!?’and (b) the spatialdistribution of Hg19’ within the 
kidney onthe distributionof radiationdose tothe kidney. In connection with (b), 
autoradiography shows that mercury is concentrated mainly in the cortex 
of the kidney. If we consider this zone to be a spherical corona with a uni- 
form concentration of Hg!?”’, we shall not be going too far wrong in dosi- 
metric calculations. Use can then be made of the classical formulae for 
calculating the radiation dose within a homogeneously radioactive sphere. 
The dose in the corona, i.e. in the renal cortex, can then be deduced. For 
an injection of 0.5-1 mc of Hg19’, the dose to the renal cortex would be of 
the order of 1 rad. 
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RADIOIODINATED (IT132 AND 1125) FIBRINOGEN FOR 
THE DETECTION OF MALIGNANT TUMOURS IN MAN* 


G. MONASTERIO, M.F. BECCHINI AND N. RICCIONI 
CENTRE OF NUCLEAR MEDICINE, 
MEDICAL CLINIC, UNIVERSITY OF PISA, ITALY 


Abstract — Resume —- AnnoTauns — Resumen 


RADIOIODINATED (1!?! AND I!2) FIBRINOGEN FOR THE DETECTION OF MALIGNANT TUMOURS IN MAN. 
A high fibrin content has been shown in a large number of malignant tumours, both experimental and human; 
this finding has been referred to the high thromboplastin content within the tumour, inducing the polymerization 
of fibrinogen into fibrin. 

On the basis of these data, human fibrinogen labelled with I?! and I2° has been tested as a possible agent 
for detecting malignant tumours in man. 

The uptake of radioiodinate fibrinogen has been studied in malignant and benign tumours, as well as 
non-neoplastic space-occupying lesions. Seventy-three cases have been so far examined; 53 of these were 
represented by malignant tumours localized in the skeleton, lungs, brain, abdominal organs etc. The F?l- 
fibrinogen uptake test gave correct results in 79% of the cases examined; no false positive results were obtained 
in the whole series. The technique and the results are briefly discussed. From the data obtained, it seems 
that fibrinogen-I!?! may be usefully applied for the early detection of malignancies in man; possible improve- 
ments of the detection technique may markedly increase the diagnostic value of the method. 


EMPLOI DE FIBRINOGENE MARQUE AVEC !3!] OU 125] POUR LA DETECTION DE TUMEURS MALIGNES 
CHEZ L'HOMME,. Une teneur @levee en fibrine a &t€ mise en Evidence dans un grand nombre de tumeurs 
malignes, tant chez l’'homme que chez des animaux de laboratoire; on a imput€@ ce ph@nom2ne au fait que la 
tumeur contient une forte proportion de thromboplastine qui provoque la formation de fibrine par polym£risation 
du fibrinog2ne. 

Sur cette base, les auteurs ont utilise du fibrinogöne humain marqu& avec 13] ou 12°] pour la detection de 
tumeurs malignes chez l'homme. 

Os ont Etudie la fixation du fibrinog®ne marqu& dans des tumeurs malignes et des tumeurs bEnignes, ainsi 
que dans des l&sions en volume non-n&oplastiques. Sur les 73 cas examines jusqu’ä pr&sent, 53 Etaient con- 
stitues par des tumeurs malignes localisees dans le squelette, les poumons, le cerveau, les organes abdominaux, 
etc. Le test de fixation du fibrinog®ne marque avec 131] a donn€ des r&sultats corrects dans 7%% des cas exami- 
nes; aucun r&sultat faussement positif n'a Et& enregistr& sur toute la serie. Le m&moire expose succinctement le 
proc&de& et les r&sultats. D'apr&s les donn&es obtenues, il sernble que le fibrinogene marqu& avec 134 puisse 
etre utilise avec succ&s pour la detection pr&coce de tumeurs malignes chez l'homme; en am&liorant la tech- 
nique de detection, il sera peut-Etre possible d'augmenter sensiblement la valeur du diagnostic Etabli par ce 


proce&de&. 


IIPUMEHEHUE MEUYEHHOTO PAAHOAKTUBHEIM HONOM-131 NM MONOM-125 $UBPH- 
HOTEHA MIA OBHAPYXKEHNUA 3JIOKAUECTBEHHbIX OIYXONEN Yy UEJIOBEKA. B 6ons- 
IIOM KONHYECTBE 3NOKAUECTBEHHBIX ONYXoNeH KaK IKCNHEPHMEHTANBHEIM IIYTeM, TaK U TEOPeTHUYecKH 
YCTaHoBNeHO BbICoKoe CoNepxaHne Ku6öphuHa. DTOT BbIBOA OCHOBAH Ha TOM, YUTO B 310KayecTBeH- 
HOH ONYXONMH CORepXxHuTCcA 60NbLUIOe KONNUECTBO TPOM6ONNACTUHA, BbI3bIBAPLUIETO TIOAHMEPH3AaunD® 
$u6pHuHoreHa B BHöpuH. 

Ha ocHoBe 3TUX NaHHbIX PHÖPHHOTEH yenoBeyecKoro OPFTaHN3Ma, MeyueHHbIl HonoM-131 u 
HonoM-125, 6B1In nOABePTHYyT UCNbITaHHW KaK BOSMOXHBINH AareHT AA O6HapyxKeHNA 3NOKayecTBeH- 
HbIX ONyXonehfil y venoBeka. 

TlornomeHhne MeyeHHOTO paAMoaKTUBHbIM HOAOM PHÖPHHOoTeHa uU3y4uanocb B NO6PoKayecT- 
BEHHEIX U 31NOKAUECTBEHHEIX OMYXONAX, a TAKKEe U B TKaHAX, He ABIAWLUMXCH HOBOO6PAa3OBAaHHAMNH, 
HO 3aHHMAPWIIHMH ONpeneneHHoe NPOCTPaHcTBo. Jo cux nop nayuenHsi 73 cnyuan, 53 u3 HUX Co- 
CTABAAKMT 3NOKAUYeCTBEHHbIe ONYXONM, PACMONOXEHHble B CKeneTe, NeTKHX, TONOBHOM MOSTy, OpTa- 


* Supported by EURATOM Association Contract 026-63-4-BIAC 


159 


160 G. MONASTERIO et al. 


Hax 6pm LIHON NONOCTU U T.A. Hayuenne nornoueHnnua BHÖpHHoTeHa MeueHHOrO MHonoM-131 nano 
ToyHbIe pesynpratbı B 79% nayyaBuımxca cnyyaeB. Hu B OoAHOM cıy4ae He nony4eHo HenpaBunb- 
HBIX NONOXHTENBHEIX pesynbrTaroß. Kparko 06cyxaamrca MeToAbI 4 pesynbrarbi. Ha ocHOBaHHuH 
MONYUCHHBIX AAHHbIX ABCTBYEeT, YTO PHÖPHHOoTeH MeyeHHbIH HonoM-131 MOoXxeT ycneulHo NPHMEHATB 
cA ANA PaHHef AHATHOCTHUKH 3NOKAayYeCTBeHHbIX Onyxonei y venoBeka. Bo3sMOoXHbIe ycoBepueH- 
CTBOBAHHA METOAA OÖHapyKEHHA MOTYT CYWWECTBEHHO NOBBICHTb AHATHOCTHUECKyPLEHHOCTb METONA. 


EMPLEO DEL FIBRINÖGENO RADIOYODADO (!3!] y 125]) PARA LA DETECCION DE TUMORES MALIGNOS 
EN EL HOMBRE. Se ha demostrado que en muchos tumores malignos, tanto en los inducidos en animales de 
laboratorio como en los formados espontäneamente en el hombre, hay un elevado contenido de fibrina; se ha 
establecido una relaciön entre este hecho y la gran cantidad de tromboplastina presente en el tumor, que serfa 
lo que provoca la formaciön de fibrina por polimerizaciön del fibrinögeno. 

Teniendo esto en cuenta, los autores emplearon fibrinögeno humano marcado con 13] y 125] para detectar 


tumores malignos en el hombre. 

Estudiaron la absorci6n del fibrinögeno radioyodado en tumores malignos y benignos y en lesiones no 
neoplästicas extensas. Han examinado hasta ahora 73 casos, constituidos 53 de ellos por tumores malignos 
localizados en el esqueleto, los pulmones, el cerebro, el tubo digestivo, etc. El ensayo de absorciön del 
fibrinögeno- !?}I dio resultados correctos en el 79% de los casos; en toda la serie no se dio ningün resultado 
erröneamente positivo. Los autores discuten brevemente la t&cnica y los resultados obtenidos. Los datos que 
ha sido posible reunir parecen indicar que el fibrinögeno-!?!] puede utilizarse con Exito para la detecciön tem- 
prana de formaciones malignas en el hombre; es probable que perfeccionando la tEcnica de detecciön se logre 
aumentar notablemente el valor diagnöstico del metodo. 


A high fibrin content has been reported both in experimental [1] and 
human [2] malignant tumours. Experimental neoplasms have also been 


shown to concentrate radioactivity after administration of Il31-]abelled fi- 
brinogen [3,4]. In cases in which the level of fibrinolysis prevents the ob- 
servation of this phenomenon, the simultaneous administration of an anti- 
fibrinolytic substance, epsilon amino caproic acid (EAC), allows a detect- 
able concentration of radioactivity to be attained in the experimental 
tumour [5]. 

Starting from the above observations, preliminary studies were per- 
formed in the Medical Clinic of Pisa in 1962, in order to explore the possi- 
bility of detecting malignant tumours in man by external counting using I131 
fibrinogen. The first results were encouraging [6]. 

Before undertaking wider experimentation in humans, it was thought 
advisable to compare the uptake of Il31 fibrinogen with that of other labelled 
macromolecules (DIF, PVP and RIHSA) in an experimental tumour of the 
rat (chloromyeloma of Oberling-Gu£&rin). 

In Table I is reported the "tumour/non-tumour'' radioactive concen- 
tration ratio (per g of tissue), observed 24 h after injection of the indicators. 
1131 fibrinogen yielded the highest figures although no antifibrinolytic agent 
had been used [7]. These findings seemed to justify an extensive appraisal 
of the method in man [8, 9]. 


TECHNIQUE 


Radioiodinated fibrinogen was supplied by SORIN, labelled with I!31 and 
1125 using the electrolytic technique [10]. Five uc/kg body weight were given 
intravenously to patients premedicated with Lugol solution, which was given 
for the entire duration of the study. In the early studies, EAC was also 
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TABLE I 


UPTAKE OF RADIOACTIVE INDICATORS IN THE 
CHLOROMYELOMA OF THE RAT 


: No, of 5 
Indicators T/nT ratio* 
Tats 
Nar!?l 10 3,9 
11°! diiodofluorescein 15 3.16 
113! pvp 12 8.94 
1131 RIHSA 10 9.26 
11? fibrinogen 15 26.50 
be ee ng 


* T/nT = Tumour/non-tumour concentration ratio per g of tissue. 


given orally, at adosage of 4 gevery 4h. More recently EAC was ad- 
ministered only when a negative result was obtained at 24h. 

The counting instrumentation included a 2inX 2 in Nal scintillation 
counter with conic collimator (external opening 15 mm ®, internal opening 
20 mm ®, length of channel 55 mm). 

When the lesion was located away from the mid-line of the body, radio- 
active measurements were carried out on the suspected area and the sym- 
metrical controlateral zone. In the case of lesions close to the mid-line 
of the body, measurements were carried out over the lesion and in closely 
surrounding zones. 


ANALYSIS OF RESULTS 


Results were expressed as % difference between the counting-rate over 
the suspected site and that over the symmetrical controlateral or the sur- 
rounding zone, depending on the location of the lesion. The results were 
considered as positive for the presence of malignancy ifdifferences equalto 
or greater than 25% were attained and maintained (or further enhanced) in 
the successive measurements. 


PATIENTS EXAMINED 


A total of 96 cases of space-occupying lesion was studied, of which 
59 were with malignant neoplasms, 7 with benign tumours, 17 with localized 
inflammatory processes, and 13 with localized lesions of different nature 
(cysts, etc.). The diagnoses were established on clinical, X-ray, and hysto- 
logical grounds. 


RESULTS 


The results obtained in the above series are reported in Tables II -V. 
Out of 59 cases with malignant neoplasms (Table II), 42 yielded positive 
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TABLE II 


MALIGNANT NEOPLASMS EXAMINED WITH RADIOFIBRINOGEN 


x f Results 
0. 0 
Localization 
cases BE Ri 
positive negative 


Skeleton 


Lungs 


Lymph’ nodes 


Brain 
Liver 
Stomach 


Colon 


Breast 


Kidney 


Skin 


Pleura 


Uterus 


Ovaries 


results. All 7 cases with benign tumours (Table III) were classified as nega- 
tive. Localized inflammatory processes (Table IV) yielded negative results 
in 11 out of 17 cases of other types of space-occupying lesions (Table V), 
while, in this group, a bone cyst yielded a positive result, although on the 
borderline of significance. Only 2 cases with malignant neoplasms in which 
the results were negative at 24 h became positive after EAC administration. 

In the entire series, correct results were obtained in 72 cases out of 
96 examined (75%). The 24 cases in which an incorrect result was obtained 
comprise 17 false negative results in malignant neoplasms (Table II) (mostly 
located close to the mid-line of the body), and 7 false positive results 
(6 inflammatory lesions and 1 bone cyst). 

Further work was then planned in an attempt to improve the diagnostic 
efficiency of the method for malignant lesions, making it independent of the 
availability of a controlateral reference point; and to establish the possible 
differential pattern between malignant lesions and lesions of other types, 
among the latter mostly the inflammatory processes. 


DETECTION OF TUMOURS USING PRECORDIAL REFERENCE 


The choice of the reference point, the counting-rate on which is taken 
as the baseline for the calculation of the percentage difference over the sus- 
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TABLE III 


BENIGN TUMOURS EXAMINED WITH RADIOFIBRINOGEN 


Results 


positive negative 
3 


Skeleton 
Breast 
Thyroid 
Kidney 
Lymph nodes 


TABLE IV 


INFLAMMATORY LESIONS EXAMINED WITH RADIOFIBRINOGEN 


a 


Pulmonary tbec infiltrate 


Tubercoloma of the lung 


Broncopneumonia 


Lung abscess 


Renal abscess 


Interstitial chronic 
hepatitis 


Subacute pneumonia 


Osteitis 


Periostitis 


Chronic osteomyelitis 
active 


Chronic osteomyelitis 


pected region, necessarily entails a certain amount of uncertainty; this is 
maximal for lesions localized in body areas without asymmetrical counter- 
part. Attempts were made to limit this degree of uncertainty by using the 
precordial counting-rate as a reference level. 
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TABLE V 


NON-NEOPLASTIC, NON-INFLAMMATORY LESIONS 
EXAMINED WITH RADIOFIBRINOGEN 


Results 


Localization 


Bone cyst 
Exostosis 
Osteoporosis 
Tendon calcification 


Simple Iymph node hyperplasia 


Cerebral thrombosis 


The normal course of the radioactivity level in the epigastrial region 
was studied in 10 normal subjects, the counting-rate over 12 contiguous 
zones being measured and expressed inpercent ofthe precordial counting-rate 
1 hand 48 h after the injection of I131 fibrinogen. It was found that the dif- 
ference between the percentage measured at 48 h and that at 1 hafter 
injection never exceeded a value of +20 over the entire area. 

The same type of study was carried out for a standard area over the 


* * s . . hd j 
right hypochondrium: the increment of the ratio en Sn x 100 
precordium 


from 1 to 48 h never exceeded +10. 

These values (+20 for the epigastrium and +10 for the right hypo- 
chondrium) were taken as limits of the normal range. The technique was 
then applied to the study of 7 space-occupying lesions with epigastrial lo- 
calization (6 malignancies and 1 case of gastric ulcer) and 13 cases with 
liver or biliary disease (6 of which were malignant neoplasms). The re- 
sults are reported in Tables Vland VII respectively. Correct results were 
obtained in 6 out of 7 cases in the epigastrium (including 5 out of 6 malignant 
tumours) and in all cases in the right hypochondrium. 


DIFFERENTIATION OF INFLAMMATORY FROM MALIGNANT SPACE- 
OCCUPYING LESIONS 


The findings at 24 and 48 h for inflammatory lesions often resemble 
that of neoplastic lesions, thus preventing the differentiation of the two types 
of lesions. 

It was observed, however, that inflammatory lesions tended to show an 
early positive difference (within the first hour), in comparison with the op- 
posite side, usually greater than that observed in tumours, although after- 
wards the difference tended to a much larger increase in the latter. 
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TABLE VI 
SPACE-OCCUPYING LESIONS WITH LOCALIZATION 


CLOSE TO THE MID-LINE EXAMINED WITH RADIOFIBRINOGEN 
USING PRECORDIAL REFERENCE 


Results 


Diagnosis 


Gastric carcinoma 
Peritoneal neoplasm 


Metastasis retroperitoneal 
lymph node 


Reticuloendotheliosis 
(periaortic Iymph nodes) 


Gastric ulcer 


TABLE VII 


LIVER- AND BILIARY-SYSTEM LESIONS EXANMINED 
WITH RADIOFIBRINOGEN 


er 
No, of 
Diagnosis 
cases 
positive negative 


Liver metastasis of mammary 
adenocarcinoma 


Liver carcinoma 
Gall-bladder cancer 
Interstitial chronic hepatitis 
Fatty liver 


Hepatic tuberculosis 


Chronic hepatocholangitis 
active 


Icteric cholelithiasis 


In 4 out of the 6 inflammatory lesions of bone which had given false 
positive results the difference exceeded + 25% in the first hour. 
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It was then decided to give more detailed consideration to the time 
course of radioactivity over the lesions, starting from 10 min and continuing 
for several days after injection. 

The time course of the activity was simultaneously followed over the 
opposite side and the precordium; by taking the latter as representative of 
the intravascular activity, and assuming the counting-rate at 10 min over 
the suspected and controlateral regions as due to purely intravascular ac- 
tivity, the time courses of both intra- and extravascular activity over the 
suspected and opposite areas were obtained. 

This type of study was carried out in 3 cases of malignant neoplasms 
(2 of femur metastasis from mammary cancer and one case of femur osteo- 
sarcoma), 3 of inflammatory lesions (2 erysipeloid and one of tibia-osteo- 
myelitis) and in one of benign tumour (meningioma). 

In the malignant tumours (Fig.1) the extravascular activity over the 
neoplasms increased progressively until 24-36 h, after which it remained 
essentially unchanged for 160-180 h, when 4 progressive decrease took 
place. Over the normal opposite side the initial rise was followed by a 
downslope essentially parallel to that of the blood activity. 


4000-1 
3000 


2000 


{=} 

{=} 

{=} 
m 


counts / min 


ee TE en ae Te er N 
50 100 150 200 
TIME (h) 


Fig.1 


Calculated extravascular activity curves in a case of osteosarcoma of the femur; 
upper curve on the tumour, lower curve on the normal opposite side 


In the 3 inflammatory lesions (Fig.2) extravascular activity rose pro- 
gressively until the 20th h, up to a maximum of the same order of magnitude 
of that observed in tumours. The peak was followed by a gradual reduction 
of. the extravascular activity; the curves of extravascular activity on the 
lesion showed a course essentially parallel to that over the opposite side, 
although at higher absolute levels. 

The same pattern was observed in the case of meningioma (Fig.3). 

Itis worth pointing out that the counting-rate differences (lesion versus con- 
trolateral) observed 10 min after injection tended to be much larger in the 
inflammatory processes than in the malignant neoplasms (15%, 65%, 70% 
respectively, versus 3%, 8%, 17%). 
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Fig. 2 


Calculated extravascular activity curves in a case of erysipeloid of the forearm; 
upper curve on the lesion, lower curve on the normal opposite side 
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Fig. 3 


Calculated extravascular activity curves in a case of meningioma; 
upper curve on the tumour, lower curve on the normal opposite side 


Attempts were made to gain some information concerning the signifi- 
cance and the causes of the differences observed in the course of extra- 
vascular activity in the two types of lesions. An analogue computer was 
used to test the various hypotheses that could fit the observed data. 

The model used is outlined in Fig.4. Fibrinogen may diffuse from the 
blood into the interstitial space of the region explored by the counter, where 
it may coagulate into fibrin. Extravascular activity is taken away from the 
site of the lesion both by removal of fibrinogen as such and of the iodinated 
products of fibrin breakdown. It is also assumed that inflowing and out- 
flowing activity at the explored site does not influence the course of body 
activity because of the small magnitude of the explored lesion. 

When all the processes are assumed to take place as first-order 
reactions, the model easily fits the curves of extravascular activity observed 
in normal and inflammatory tissue, the latter requiring higher values for 
the blood-to-interstitial space transfer constant. 
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Model assumed for describing fibrinogen uptake as recorded by external counting 


On the contrary, the shape of the extravascular activity curves observed 
in tumours cannot be accounted for by such a model, no matter how the rate 
constants are adjusted. On the other hand, the tumour curveis easily re- 
produced if one assumes that fibrin breakdown occurs as a time discriminat- 
ing process, implying a finite delay between incorporation and release of 
radioiodine from fibrine. It is enough to assume that about 5% per day ofthe 
fibrinogen present in the tumour interstitium precipitates to fibrin to account 
for the observed course of extravascular activity in tumours. 


The following hypothesis may then be formulated to explain the time 
course of activity recorded by an external counter at the various sites and 
types of lesions: 


(a) Over a normal site, the shape of the curve results from the decrease 
of intravascular activity caused by the turnover of body fibrinogen, and from 
the penetration and removal of fibrinogen itself in the interstitial spaces 
of the explored tissues, both processes occurring essentially as first-order 
reactions. 


(b) Over the inflammatory processes and the highly vascularized benign 
neoplasm that were examined, the components of the curve are the same as 
innormals, with the exception of a higher transfer-rate from the blood to 
the interstice of the lesion. 


(c) Inthe malignant neoplasms a new component is added to the higher 
blood-interstice transfer-rate which seems to be the distinctive pattern of 
inflammatory processes; i.e. the persistency of a fraction of the activity 
at the site of the lesion for a finite time, caused by the precipitation of a 
small fraction of I131 fibrinogen. 
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A. Calculated extravascular activity curves in a case of femural metastasis from breast cancer; 
upper curve on the tumour, lower curve on the normal opposite side. 


B. One case of Fig.5A during heparin treatment; 
upper curve on the tumour, lower curve on the normal opposite side. The arrow indicates 
time of withdrawal of heparin and administration of protamine sulphate. 


To test the latter hypothesis an attempt was made to prevent fibrinogen 
coagulation using heparin. In one of the cases of femur metastasis from 
mammary cancer in which the activity course had been studied and plateau 
pattern had been observed, the experiment was repeated during heparin 
treatment which was continued for the entire duration of the experiment; 
coagulation time ranged from 110 and 130 min. The obtained curve for ex- 
travascular activity (Fig.5) shows a definite deviation from that observed 
without heparin: after the initial peak extravascular actıvity starts to fall 
as it occurs on the normal opposite side, although with a lower slope. 
Heparin was withdrawn and protamine sulphate administered five days after 
fibrinogen injection; this procedure, which brought about the normalization 
of blood-coagulation time, was followed by a definite rise of extravascular 
activity in the following hours. 

The results of this latter experiment seem to confirm the hypothesis 
which has been formulated. 

This series of experiments may offer some clue to the problems of dif- 
ferentiating malignant neoplasms from inflammatory processes. The two 
distinctive patterns seem to be: 
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(a) The longer persistence of an elevated extravascular radioactive 
content in the malignant tumours (a consequence of fibrin precipitation) as 
opposed to relatively rapid decay in the inflammatory processes, in a manner 
similar to that which can be observed in normal areas. 


(b) The higher percentage difference from the reference site, observed 
10 min after injection over the inflammatory processes in comparison with 
malignant neoplasms, apparently related to the larger blood supply in the 
former. 


False positive results in inflammatory lesions might thus be prevented 
by combining an early (10 min) measurement and a very late one (after 5 
or sd). 
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Fig. 6 


Large tumour occupying part of the epigastrium and upper left abdominal quadrant detected by 
131 gr. : : 
1°” fibrinogen scanning. Preset time, variable contrast scanning, was used. 
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CONCLUSION 


1131 fibrinogen, because of its peculiar biological characteristics, seems 
to be a radioactive indicator particularly useful for the detection of malignant 
neoplasms using external counting. 

1125 fibrinogen does not seem to have particular advantages, with the 
possible exceptiors of tumours of superficial organs. Thanks to the techni- 
cal and analytical improvements which have been described (namely the use 
of precordium counting-rate as reference) radiofibrinogen may detect 
malignant neoplasms in a higher percentage than that calculated on the basis 
of our first 59 cases; it also permits a better differentiation from other 
processes. 

The application of scanning systems capable of detecting relatively small 
radioactive concentration differences [11] might enhance the practical value 
of the method, making possible direct visualization »f the tumour (as shown 
in Fig.6), and also in cases in which the location or diffusion of the tumour 
are unknown. 
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DIISCHUSSTON 


E. LUBIN: Inotice that in your paper you list five references referring 
to investigations that were performed with labelled anti=human fibrin globu- 
lin. What was the reason for your choice of fibrinogen instead of antichuman 
fibrin? 

F. BECCHINI: We used fibrinogen because it was more readily avail- 
able. I should add that our references also include investigations that were 
carried out with labelled fibrinogen. 

E. LUBIN: Have you compared the relative value of both substances 
with reference to the tumour/non-tumour activity ratio? 

F. BECCHINI: We have not made any direct comparisons. 

M. BLAU: I think I can answer this question as far as biological be- 
haviour is concerned. For uptake in tumour there is very little biological 
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difference between fibrinogen and anti-fibrinogen antibodies. When the anti- 
body is injected, it attaches itself to the circulating fibrinogen and follows 
it as it is deposited in the tumour. 

The chemical stability of anti-fibrinogen makes this compound prefer- 
able when storage of the labelled material or shipping to other laboratories 
has to be taken into account. 


IX 
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Abstract — Resume — Anunotauns — Resumen 


STUDY ON THE LOCALIZATION OF IODINE IN THE STOMACH. The authors have studied the locali- 
zation of iodine in the stomach after intravenous injection of I!?l-iodide, using a high-contrast photo-scanning 
system. 

The study was performed at different times after injection (ordinarily 2, 24 and 48 h) in patients without 
any gastric disease, in patients with cancer of the stomach and in patients with peptic ulcers. 

The distribution of radio-iodine was also studied in dog and human stomachs surgically removed at dif- 
ferent times after the radio-iodine injection. In the surgically removed stomachs, the specific activity of the 
tissue corresponding to areas of interest revealed by scanning was determined in order to assist in interpreting the 
findings. 

From the results the authors conclude that there are certain areas of the normal stomach which play a 
particular part in iodine metabolism. Localization of the zones of highest radioactivity concentration suggests 
more than one mechanism for iodine excretion. These observations support the findings of other workers using 
different methods. 

Scanning at 24 h after administration of allows gastric cancer to be detected in most of the patients 
with this disease who were studied. The explanation of these results is not only related to the iodine concen- 
tration by the tumour cells but also to some retention of iodine in the stomach walls. In most cases the radio- 
iodine concentration in the tumour was not higher than in the normal mucosal areas where increased iodine 


pL31 


uptake occurs. 


ETUDE DE LA LOCALISATION DE L'IODE DANS L'ESTOMAC. A l'aide d'un appareil de photo- 
exploration ä fort contraste, les auteurs ont Etudie la localisation de l'iode dans l’estomac apres injection 
intraveineuse d’iodure marque&e avec 31], 

Is ont fait cette Etude A diff&rents moments, apr&s l'injection (habituellement apr2s 2, 24 et 48 h) sur 
des sujets exempts de toute affection gastrique, sur des malades atteints d'un cancer de l'estomac et sur des 
malades ayant des ulc2res gastriques. 

Us ont &galement Etudie la distribution du radioiode dans des estomacs humains et canins apr&s ablation 
a differents moments apr2s l'injection du radioiode. Pour faciliter l’interpr&tation des r&sultats, ils ont d&ter- 
mine dans ces estomacs l’activit€ sp&cifique du tissu correspondant aux zones d’inter&t rev&l&es par scintigraphie. 

Les r&sultats obtenus ont permis aux auteurs de conclure que certaines zones d'un estomac normal jouent 
un röle particulier dans le metabolisme de l'iode. La localisation de ces zones de concentration de la radio- 
activit& semble indiquer qu’il existe plusieurs m&canismes d'excr&tion de l'iode. Ces constatations confirment 
les observations faites par d'autres chercheurs avec des me&thodes diffErentes. 

La scintigraphie 24 h apres l'injection de 131] permet de de&tecter le cancer de l'estomac chez la plupart 
des sujets atteints. Les r&sultats ne s'expliquent pas seulement par le fait que l'iode se concentre dans les cellu- 
les tumorales, mais encore par une certaine r&tention de l’iode dans les parois de l’estomac. Dans la plupart des 
cas, la concentration du radioiode dans la tumeur n'&tait pas plus forte que dans les regions muqueuses normales, 
oü se produit une fixation accrue d’iode, 


U3YUEHHUE JIOKAJIN3AUNMN HONA B KEIIYIIKE. ABropsı nayuann noKannsaunm Hona 
B xellyAke moCNe BHYTPHBEHHON UHDeKUNM MOANAA, MeUEeHHOTO MHonoM-131, ncnonb3yA ANA 9TOTO 
BbICOKOKOHTPACTHyP CHCTEMy BOTOCKEHHNPOBAHHN. 


* Comissäo de Estudos de Energia Nuclear do Instituto de Alta Cultura, Lisbon 
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NccnenoBaHune nNPOBOAHNOCB yepe3 pa31M4Hble IPOMEXYTKH BpeMeHH TIOcCNe UHBEKUHN (o6bIUHO 
yepe3 2, 24 u 48 yacoB) y OONbHbIX, He CTPanamııMX HHKaAKHMH KenyAo4HbIMH 3a001eBaAHHAMH, ÖONb- 
HbIX C PaKOM XenyAka U ÖONBHBIX C NenTuyecKof A3BOR. 

NUsyuanocp Takxe pacnpeneneHme pamNoaKTuBHOTO Mona B KenyAkax Cobakn H uenoBeka, 
yAaneHHbIX XHPyPTHUeCKHM MyTeM B pa3JuyHoe BpeMa NOCNe HHbEKUNN PalHOaKTuBHOTO Hona. B 
yAaneHHbIX XHPYPTHYeCKUM NyTeM *enylkax ANA OÖBACHEHNA MONYYEeHHBIX AaHHBIX ONpenenanach 
yaenbHaA aKTUBHOCTB TKaHeÄ, OTHOCAUHXCA K NPeACTaBnAmLIHMM UHTEPpec O6NacTam, o6HapyxKeH- 
HbBIM CKEHHHPOBAHHEeM. 

Ha OCHOBaHHN MONYYEeHHBIX AAHHEIX ABTOpbI MenaWwT BbIBOA, YTO B HOPMAIBHOM KenyiäKke Cy- 
WECTBYWT O6NaCTH, KoTopble UTpamr OCo6yw ponb B MerTa6onusMme Hona. JloKkannsaumna 30H ca- 
MOoÄ BbICOKON KOHUEHTPAUNHM PalNOaKTHBHEIX H30TONOB MpeAnonaraer CywecTBoBanne bonee ueM 
OAHOTO MEXAaHH3Ma BhlNeneHun Mona. ITH Ha6nmAeHHA MOATBePXAAMT BbIBOAbI APYTHUX Hccneno- 
Barenef, UCNONB3OBAaBLINX Pa3s1uU4UHbIe MEeTOAB. 

CKeHHHPOBaHHe yepes 24 yaca nocne BBeneHna Hona-131 nosBonaeT O6HapyKHTBb pak xe- 
nyaka y 60nNBUIMHCTBa OÖCneNOBAHHBIX 6ONBHBIX, CTPanamıımX 9ToA 6onesHbw. ITH pesynbTaTbl 
O6BACHAWTCA He TOABKO KOHUEHTPauMeh Hola KNeTKaMH ONYXOAH, HO TaK*Ee H HeKOTOPOH 3alepxKon 
Hona B CTeHKaX xenyaka. B 60NBLWIHHCTBe cNyuaeB KOHUEHTPauMmA PalhHOaKTHBHOTO HoNa B Ony- 
xonu ÖbI1a He Bbllie, VEM B YyUacTKaX CNHUSHCTOH O60NOYKH, TAe Ha6nmAaeTca NOBbIlIeEHHOE NOTNO- 
IIeHHe Hona. 


ESTUDIO DE LA LOCALIZACIÖN DEL YODO EN EL ESTÖMAGO. Los autores estudiaron con un dispositivo 
de fotoexploraci6n de gran contraste la localizaciön del yodo en el estömago despu&s de una inyecciön intra- 
venosa de yoduro marcado con 131], 

El estudio se realiz6 a diferentes intervalos despu&s de la inyecciön (por regla general, a las 2, a las 24 y 
a las 48 h) en pacientes sin ninguna afecciön gästrica, en pacientes con cäncer de estömago y en pacientes 
con ülceras gästricas. 

Estudiaron tambien la distribuciön del yodo radiactivo en estömagos humanos y de perro extirpados a 
diferentes intervalos despu&s de la inyecciön. Para facilitar la interpretaciön de los resultados, midieron la 
actividad especffica del tejido correspondiente a las zonas de interes delimitadas por la exploraciön. 

Basändose en los resultados de esos estudios los autores han llegado a la conclusiön de que ciertas regiones 
del estömago normal desempefian un papel importante en el metabolismo del yodo. La localizaci6n de las 
zonas en que la concentraciön de radiactividad es mäs elevada indica que la excreci6n de yodo puede ser regida 
por varios mecanismos. Estas observaciones corroboran los resultados obtenidos por otros investigadores con 
metodos diferentes. 

La exploraciön efectuada 24 h despues de administrar !3!] permiti6 detectar el cäncer del estömago en la 
mayorfa de los pacientes afectados por esa enfermedad. Estos resultados se explican no sölo por el hecho de que 
el yodo se concentra en las c&lulas tumorales sino tambien porque las paredes del estömago retienen cierta can- 
tidad de este elemento. En la mayor parte de los casos, la concentraciön de yodo radiactivo en el tumor no fue 
superior a la observada en aquellas regiones de la mucosa gästrica en que se produce una absorci6n incrementada 
de este elemento. 


1. INTRODUCTION 


For several years we have been interested in the gammagraphic images 
observed over the stomach after administration of Nall3l in cases of gastric 
ulcer [1, 2]. Further data showed the need for a better knowledge of the 
iodine uptake and excretion by the gastric wall in order to assess the rele- 
vance of these surface measurements. 

LIPSCHITZ [3] and ELMER [4] detected higher concentrations of iodine 
in the gastric juice than in the plasma. These findings were confirmed by 
DAVENPORT [5] in dogs with gastric pouches of Heidenheim and Pavlov. 
In 1947 SCHIFF et al. [6] using I131 studied the relation of radioiodine in 
the gastric juice and plasma in various gastric diseases but the data did not 
permit the correlation of the results with the disease. HONOUR, MYANT 


LOCALIZATION OF IODINE ulie7t 


and ROWLANDS [7] in 1952 continued this work and could not decide whether 
the concentration of iodine was a function of the cells responsible for the 
formation of acid or of pepsin. In 1956 LOGOTHETOPOULOS and MYANT 
[8] made an autoradiographic study of the stomach of the hamster after ad- 
ministration of radioiodine and noticed localization of iodine in the super- 
ficial cells of the mucosa. As MASON, KIRSCHBAUN and COLLINS [9] 
had shown that tiocianate inhibits concentration of iodine in the stomach, 
Logothetopoulos and Myant were able to demonstrate the presence of tiocia- 
nate with S35 labelled precisely at the points where the iodine was present. 

We thought that the gammagraphic methods were particularly suitable 
for the study of the macroscopic distribution of radioiodine in the stomach 
and the purpose of this paper is to present data obtained with these tech- 
niques on the localization of radioiodine in the stomach of patients, and on 
the other hand to study the concentration of radioiodine in the different 
regions of the stomach of humans and dogs after administration of Nall3l, 


2. MATERIAL AND METHODS 
2.1. In vivo studies in humans 


Studies were made of 57 patients of both sexes (15 without gastric 
disease, 3after total gastrectomy, 30 with gastric cancer (adenocarcinomas), 
6 with gastric ulcer and 3 with duodenal ulcer), all of them more than 50 yr 
old. ; 

Intravenous injections of 300 uc of Il31 were made (carrier-free Nal 
from the Radiochemical Centre, Amersham, with specific radioactivity of 
about 10 c/mg of iodine). After intravenous administration of the radio- 
nuclide a photoscanning was obtained at predetermined intervals with the 
patients in a supine position. In some cases the scanning was performed 
after a gastric lavage (volume not less than 1 1) with a Levine tube. The 
day before administration a liquid diet was established and on the day of 
the scanning tests the patient was fasting. 


2.2. Studies in vitro 
(a) Photoscanning of stomachs of dogs 


No selection of the 14 dogs according to sex, weight, age or breed was 
made. We injected 2 mc of 1131, intravenously, from the same source as 
in 2.1. Dogs were sacrificed at 30 min, 2h, 6h, 24h, 3d and ”7d after 
injection. In all cases the animals were fasting at least 3 h before gas- 
trectomy. The dogs were bled to death after having been anaesthetized with 
0.5 g of Luminal +0.1 g of Petidine. The stomach was removed by section 
of the oesophagus 1 cm above the stomach and of the duodenum 3 cm below 
it. Freeing the large and lesser curvature from the respective omentum, 
the stomach was then opened through the large curvature and flushed out 
under running water in order to remove as much as possible of the residual 
gastric secretions after which it was blotted dry with filter paper. It was 
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then spread out on a cork board and pinned down, maintaining the folds in 
their original position. The gastric gammagraphy was then performed. 

Some of the stomachs were stretched so as to undo the folds in an at- 
tempt to find out if these had any influence on the results. 


(b) Photoscanning of human stomachs 


l mc of Il31 was given intravenously to 11 patients more than 50 yr old, 
2h and 12h before partial gastrectomy. Before the photoscanning the 
stomach that had been removed was treated as described above. 


(c) Measurement of specific radioactivity 


Samples 0.5 cm in diam. from the stomachs were obtained by punching 
after photoscanning. The weighted fragments, to which were added 5 drops 
of Lugol's solution, were digested with concentrated sulphuric acid for 3d. 
Radioactivity of the samples was measured in a well-type scintillation 
detector. Radioactivity per unit weight was normalized for the time of 
injection. 


2.3. Photoscanning system 


The photoscanning system of the type developed by BENDER and BLAU 
[10] has been described in a previous paper [2] and Fig.1 shows the optical 
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Optical density (D) versus recorder deviation. 
We used in this work the highest contrast (lowest curve). 


contrast curves we can obtain using Ilford Red Seal, safety base, X-ray 
film. 

In this work we operate under conditions to give the highest possible 
optical contrast (lowest curve of Fig.1). We can see that below about 50% 
of the point of maximum radioactivity no information was registered. 

We used a NaI(Tl) scintillation crystal (Harshaw, 3 inX2in) and a 
focusing collimator with seven tapered channels and the focal point 7.5 cm 
beyond the face. 
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3. RESULTS 
3.1. In vivo studies 
(a) Stomachs with no gastric disease 
In seven patients the photoscanning was obtained 2 h after the radio- 


iodine administration. In six we observed a well-defined image related to 
an iodine concentration in the stomach of elongated (Fig.2) or of round form. 


Fig.2 


Gastric photoscanning in a patient with no gastric disease, 2 h after injection of radioiodine 


In one case we obtained a diffuse image like the one observed 24 h after- 


wards, as will be shown. 

In 13 patients with photoscanning 24 h after administration the images 
obtained were of two fundamental types: a diffuse distribution (Fig.3) or 
a more defined area extending between the two kidney surface projections 
(Fig.4) probably related to iodine renal excretion. In five of the patients 
we repeated the photoscanning after gastric lavage. No appreciable alter- 
ation in the scanning images was observed. When in the same patient we 
performed photoscannings 2, 24 and 48 h after radioiodine administration 
we did not observe the concentration images of the 2-h scanning, either at 
24 or 48 h, the 48-h scanning not differing greatly from the 24-h one, al- 
though more difficult to obtain because of the diminished radioactivity 


present. 
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Fig. 3 


Gastric photoscanning in a patient with no gastric disease, 24 h after injection of radioiodine 


(b) Scanning after total gastrectomy 


In patients with total gastrectomy following Lima Basto's technique in 
which a reservoir is constructed [11] we obtained 24-h scanning images over 
the abdomen similar to those observed in normal patients (Fig.5). 


(c) Scanning in patients with gastric cancer 


The photoscannings obtained 24 h after injection of Il31 showed animage 
that in many cases was very similar to the one we described at 2hin 
normal stomachs (Fig.6). However, sometimes the radioiodine distribution 
was not so well defined, pointing to a concentration of radioiodine in the 
stomach although not so uniformly distributed as in the 2-h scannings. In 
a group of 17 patients with gastric cancer 15 showed these images ('positive'' 
images) which we consider related to the presence of cancer. In two of 
the cases we were not able to detect the particular iodine concentration re- 
ferred to above. One case was a cancer of the fornix with invasion of the 
cardia and the other had an early stage adenocarcinoma of the antrum. 

In another group of 17 patients gastric lavage was performed before 
scanning. The results were considered positive for the presence of cancer 
in only 7 of the patients. Figure 7 shows images obtained 24 h after in- 
jection of radioiodine before and after gastric lavage. As may be seen, there 
was no important alteration in the nature of the image. 

It is to be noticed that in some of the cases we have not found a re- 
lationship between the maximum of radioactivity and the palpable mass of 
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Fig. 4 


Gastric photoscanning in a patient with no gastric disease, 24 h after injection of radioiodine 


the tumour. This showed the need for an in vitro scanning of the stomach 
after gastrectomy. We shall return to this matter later. 


(d) Scanning in patients with ulcer 


Of the six cases of gastric ulcer, the scanning was negative for cancer 
inthree. Of the other three with positive images, in one the diagnosis was 
established at operation and confirmed anatomo-pathologically, in the other 
two, who were not operated, gastric citology was negative. 

Allthree cases of duodenal ulcer had a negative 24-h scanning. 


3.2. In vivo studies 
(a) Stomachs of dogs 
Figure 8 shows the image obtained of the stomach of a dog removed and 


washed free of food, 6 h after injection of radioiodine. In order to get a 
clearer idea of the iodine distribution we usually performed the scanning 
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Fig. 5 


Photoscanning obtained over the abdominal region after total gastrectomy, 
24 h after injection of radioiodine 
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Fig.6 


Gastric photoscanning in a patient with cancer of the stomach, 
24 h after injection of radioiodine 
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Fig. 7 


Gastric photoscanning of a patient with cancer of the stomach, 
24 h after injection of radioiodine 
(A) before gastric lavage 
(B) after gastric lavage 
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Fig. 8 


In vitro photoscanning of a stomach of a dog, removed 6 h after injection of radioiodine 


in stomachs opened through the greater curvature. Except for diminished 
radioactivity with time, there were no noticeable differences in scannings 
obtained 30 min, 2h, 6 h and 24 h after radioiodine administration. Figure 9 
shows a typical result where it is possible to see the concentration ofiodine 
in the regions corresponding to the fundus of the stomach and the antrum. 
It must be added that the image of the antrum was not so clearly marked 
in all cases. The region of the lesser curvature was relatively "cold" (it 
must be remembered that a high contrast scanning system was used). Since 
the higher radioactivity observed in the fundus of the stomach could be 
ascribed not to a higher radioiodine concentration but only to a greater tissue 
thickness of the folds, we repeated the scannings stretching the stomach 
and levelling the surface. The topographical distribution was unaltered. 


(b) Human stomachs 


In four patients with gastrice cancer we had the opportunity to compare 
the photoscannings before and after gastrectomy when we observed the re- 
moved stomach. Figure 10 shows the photoscanning before operation and 
Fig.11 the result after gastrectomy. The highest radioactivity was observed 
over the tumour area. 

In order to compare the distribution of radioiodine in the human stomach 
with the one observed in dogs we made the photoscannings of stomachs 
partially removed from patients with duodenal ulcers. Figure 12 shows 


the result and it is possible to see that radioactivity is concentrated mainly 
in the folds. 
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Fig. 10 


Gastric photoscanning of a patient with cancer of the stomach 
24 h after injection of radioiodine and after gastric lavage 


(ce) Specific radioactivity measurements 
(i) In dogs 


Followingthe gammagraphyimages we punched out equal area fragments 
from the more active area and from the duodenum. Figure 13 shows the 
results at 30 min, 2h, 6h, 24h, 3 d and 7 d after injection of radioiodine. 
Each point is the average obtained from two dogs and represents the re- 
lationship between radioactivity per gram of the most active area of the 
stomach and the radioactivity per gram of duodenum tissue. The relation- 
ship reached its highest value 2 h after injection and decayed with an effec- 
tive half-life of about 1 d. Figure 14 shows the evolution of the specific 
radioactivity of the duodenum tissue with time. 


(ii) In man 


It was, of course, not possible to reproduce in man the study performed 
in dogs. We measured the radioactivity per gram of equal area fragments 
from the tumour and the normal tissue in 11 operative specimens of gastric 
cancer. Radioiodine was concentrated in the tumour but not always at 
significantly higher levels as compared with normal tissue. 
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Fig. 12 


(A) Operative specimen of a patient with duodenal ulcer, 
opened through the large curvature and removed 2 h after injection of radioiodine 
(B) Photoscanning of the operative specimen 
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Fig. 13 


The relation between the radioactivity per gram of the highest activity zone 
of the stomach and the radioactivity per gram of duodenum tissue of dogs as a function of time 
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Fig. 14 


Radioactivity per gram of duodenum tissue of dogs as a function of time 


4. DISCUSSION AND CONCLUSIONS 


The experimental photoscanning study in the stomachs removed from 
dogs at different times after injection of Nall?l revealed an iodine concen- 
tration particularly in the fundus and the antrum regions (Fig. 9) that de- 
cayed very rapidly as shown by the curves of Fig.13 and Fig.14. Since 
BERNARD [12] histochemical techniques for the localization of the secretion 
of chloridric acid is in use, images very similar to the ones we obtained 
by photoscanning have been observed by BRENCKMANN [13] using, as 
Bernard did, Prussian Blue. This is not surprising since the mechanisms 
of secretion of iodine and chlorine must be closely related. However, we 
must point out that we observed a very high concentration of iodine over the 
antrum area and as far as we know no secretion of chloridric acid has been 
attributed to this region. This result suggests the possibility of two mecha- 
nisms for the iodine secretion in agreement with an hypothesis of HOWELL 


190 W.H. CLODE etal. 


and MIDDESWORTH [14]. It is possible that the same mechanisms are 
present in man although in the few cases studied we could not detect the 


existence of both of them. 


In allthe cases of stomachs with gastric cancer (adenocarcinoma) that 
were removed, gammagraphy revealed higher radioactivity levels over the 
tumour. The specific radioactivity of fragments of these stomachs showed 
that there was concentration of radioiodine over the tumour although not at 
significantly higher levels than in the normal tissue. In a previous study [1] 
we found out that in all cases the specific radioactivity of the tumour was 
very much higher than in normal tissue. We now know that these values 
came from the use of formol as a fixative. Allthe measurements presented 
in the actual paper were obtained using fresh specimens, as described above. 
The photoscanning images accordingly must be related to a greater thick- 
ness of cancer tissue concentrating radioiodine. That 15 of the 17 cases 
gave positive images for the presence of cancer could be interpreted as the 
presence of tumour masses. The fact that the gastric lavage changed the 
scanning images in 10 out of 17 patients with gastrice cancer could be ex- 
plained by the presence of radioiodine in the gastric juice. As in some 
patients there was a small amount of residual gastric juice, we think that 
lavage removed the radioiodine with the gastric juice and/or from the 
stomach wall. In some cases alterations of the wall could hinder the re- 
moval of radioiodine and account for the permanence of the characteristic 
scanning images. We cannot explain the "positive'' images observed in some 
of the ulcer cases. The small number of cases studied warrant further con- 
sideration of this problem. 


It must be emphasized that in normal stomachs 'positive'' images were 
never found 24 h after the radionuclide injection. Clearly defined images 
were obtained 2 h after injection in agreement with the results obtained in 
stomachs of dogs (Figs.2 and 8). The results obtained in patients after 
total gastrectomy exclude saliva as a responsible factor for the images, 
and lead to the conclusion that images obtained in many normal individuals 
24 h after radioiodine injection could indeed be related to the presence of 
the kidneys in the scanned region. 


Summing up, we can conclude that the stomach plays an active part in 
the metabolism of iodine related to a different functional capacity of some 
of its regions. Cancer of the stomach is responsible for radioactive images 
from which we could detect its presence. 
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DISCUSSION 


C. KELLERSHOHN: At a meeting about 18 months ago Dr. Harper 
showed that, as far as the iodide space is concerned, the behaviour of 
Tc99m-pertechnetate is very similar to that of Il31-iodide. As I understand 
it, there is an appreciable uptake of Tc99m by the mucosa of the stomach, so 
that it is possible to make a scintigram of the latter organ. Since Tc99m 
is the better isotope with regard to radiation dose and scinti-scanning, would 
it not be better to use it, rather than Il31, for the type of investigation dis- 
cussed by Dr. Baptista? 

P. HARPER: We have been interested in the localization of pertechne- 
tate in the stomach because this is probably the principal site of localization 
in the body, containing 25 - 30% of the injected dose in mice. We have done 
no scintigrams deliberately, but we have carried out various secretion 
studies with a Heidenhain pouch dog under a variety of circumstances of rest 
and histamine stimulation using double tracers of iodide and pertechnetate. 
We found that the secretion curves for the two ions were remarkably similar. 
When serum levels were normalized the curves were superimposable to 
within a few per cent under all observed conditions. As far as the stomach 
is concerned, the ions are indistinguishable. 

B. MALAMOS: In how many cases were you able to detect cancer of 
the stomach by scanning when conventional methods such as clinical exa- 
mination,gastric-juice examinations and radiographic examination had failed? 

A. BAPTISTA: We obtained a positive image indicative of malignancy 
in at least two or three cases where radiological and other tests suggested 
a different condition. 

B. MALAMOS: You referred to the detection of a metastasis near the 
thyroid. Was this an adenocarcinoma or a scirrhus? 

A. BAPTISTA: It was an adenocarcinoma. 
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M. TUBIANA: Is there any correlation between the radioactivity in the 
plasma iodide and that in the stomach? When one is looking for the meta- 
stases of athyroid cancer, it is during the first few hours that gastric radio- 
activity tends to interfere. This indicates that the radioactivity of the 
stomach decays rapidly. 

A. BAPTISTA: As we have pointed out in our paper, this is indeed the 
case. Some interference is, of course, to be expected. This problem has 
been studied by Schiff et al. [6]. 

M. TU.BIANA: Have you considered using anti-thyroid drugs to reduce 
the radiation dose received by the thyroid? This would not prevent the "iodine 
pump'' from working but it would inhibit the incorporation of I131 into organic 
compounds. The Il3l would thus leave the thyroid at a much faster rate. 

A. BAPTISTA: We have used a few anti-thyroid drugs but our experi- 
ence is very limited. In the few cases which we studied we found that we 
did not gain very much by administering such drugs. 

P. CZERNIAK: We use the following procedure for increasing the up- 
take of Il31 py the stomach. Patients are given Lugol's solution before the 
examination and 0.5 mg of histamine half an hour before injection of Il31, 
The injection is given in two doses at aninterval of 15 min. Patients are 
fed after the injection and again 2-3 h before the scan is performed. A 
further dose of histamine can be given, if necessary, using an anti-histamine 
drug such as Phenergan. In this way a good scinti-scanofthe stomach canbe 
obtained. 

In cases of cancer of the stomach we generally find regions of reduced, 
not increased, 1131 uptake. 

A. BAPTISTA: We have tried similar procedures. The reason our 
pictures are not clearer is that we have been concentrating on 24-h scans. 
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Abstract — Resume — Aunotauns — Resumen 


BONE-MARROW SCANNING AFTERINTRAVENOUSINJECTION OF COLLOIDALGOID-198, Colloidal Au!%8 is, 
after intravenous injection, rapidly removed from the blood by reticulo-endothelial activity. Most of the 
injected colloid is taken up by liver, but a small part is taken up by spleen and bone marrow. Bone-marrow 
uptake was studied in a large number of patients by means of total body scintigrams and total body profile 
counting. Three main patterns of distribution could be distinguished. 

(1) Normal pattern: In patients without bone-marrow disease, uptake of Au!%® was limited to the central 
parts of bone system (thorax, spine, pelvis, skull and proximal epiphyses of femur and humerus), i.e. normal 
sites for active red bone marrow. With the exception of the proximal epiphyses of femur and humerus no, 
or only a very slight, uptake was found in the bones of arms and legs. 

(2) Hyperplastic pattern: This type of distribution was found in polycythaemia vera and haemolytic 
conditions. Bone-marrow uptake was increased and, besides the central parts of bone system, considerable 
uptake was often demonstrated in the long bones of arms and legs. 

(3) Destructive pattern: This pattern was regularly found in myelofibrosis and very often in leukaemia, 
bone-marrow carcinomatosis and malignant lymphoma with bone-marrow involvement. It was characterized 
by general reduction of bone-marrow uptake in central parts of the body, combined with increased uptake in 
the long bones of legs and arms due to compensatory peripheral haematopoiesis. All degrees of bone-marrow 
destruction and compensatory peripheral hyperplasia could in this way be visualized. 

By means of total body profile counting it was possible to obtain a more quantitative and reproducible 
expression for bone-marrow uptake. Repeated examinations were performed in cases of polycythaemia vera; in 
some cases it was possible to follow the changes in bone-marrow uptake which occurred when polycythaemia 
vera developed into a stage of myelofibrosis. In detailed scintigrams of the pelvis, it was also possible to 
study the extent of local abnormalities, such as bone tumours and bone metastases. Some improvements re- 
garding collimator design and method of registration are also reported. 


SCINTIGRAMME DE LA MOELLE OSSEUSE APRES INJECTION INTRAVEINEUSE D'OR-198 COLLOfDAL, 
Apr2s injection intraveineuse, 1'or-198 collofdal est rapidement Elimin€ du sang par activite r&eticulo-endo- 
theliale. La plus grande partie du collofde inject€ est fix&e par le foie, mais la rate et la moelle osseuse en 
absorbent une petite partie. On a Etudi€ l'"absorption par la moelle osseuse sur un grand nombre de sujets par 
scintigraphie du’ corps humain et par tragage du profil de radioactivit€ du corps humain. On a pu distinguer 
trois types principaux de rEpartition: 

1. Type normal. Chez les sujets ne pr&@sentant pas de troubles de la moelle osseuse, l'absorption de 
19 Au Etait limitge aux parties centrales du squelette (thorax, Epine dorsale, bassin, cräne et Epiphyses proxi- 
males du f&mur et de l'humerus), c'est-A-dire aux emplacements normaux de la moelle osseuse rouge active. 
Sauf aux Epiphyses proximales du f&Emur et de l’'humerus, on n'a d&cel€ qu'une tr&s faible absorption dans les 
os des bras et des jambes, 

2. Type hyperplasique. On a observ&@ ce type de r&partition dans les polyglobulies vraies et les hemolyses. 
L'absorption par la moelle osseuse Etait plus importante et une absorption consid&rable s'est souvent manifestee, 
non seulement dans les parties centrales du squelette, mais aussi dans les os longs des bras et des jambes. 

3. Type destructif. On a rencontr& ce type r&gulierement dans les cas de myE&lofibrose et tr&s souvent 
dans les cas de leuc&mie, de carcinomatose de la moelle osseuse et de Iymphogranulomatose affectant la moelle 
osseuse,. Ce type Etait caract£rise par une diminution generale de l'absorption par la moelle osseuse dans les 
parties centrales du corps, accompagne&e d'un accroissement de l'absorption dans les os longs des bras et des 
jambes dä A l’'hematopoiese peripherique compensatrice. On a pu observer de cette fagon tous les degr&s de 
destruction de la moelle osseuse et d'hyperplasie p&ripherique compensatrice. 

Par tragage du profil du corps humain, on a pu obtenir une expression plus quantitative et mieux re- 
productible de l’absorption par la moelle osseuse. On a proc&d& a plusieurs examens dans les cas de polyglo- 
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bulies vraies; dans certains cas, il a &t& possible de suivre les variations de l’absorption par la moelle osseuse 
qui se produisaient lorsque la polyglobulie Evoluait vers une phase de my@lofibrose, Dans des scintigrammes 
detailles du bassin, on a pu Egalement Etudier l'&tendue d’anomalies locales, telles que les tumeurs et me&tas- 
tases osseuses. Le me&moire fait &galement Etat de plusieurs am&liorations apport&es au collimateur et A la 


me£thode d'enregistrement. 


CUUHTUTPAMMbI KOCTHOTO MOSTA IIOCJIIE BHYTPNBEHHOTO BBEIEHNA KOJI- 
JIOMAAJIIBHOTO 30JIOTA-198. KonnonaanbHuoe 3010oTo-198 mocne BHYTPHBEHHOTO BBeNeHngn 
6bICTPO BbIBOAUTCH U3 KPOBH B pesynbTare NeATeNBHOCTH PeTuKy1Oo-3HNeTennanbHON CHCTEeMBI. 
Bonpwas yacTb BBeNeHHOTO KONJIONAAa NOTNOWMAETCA NeUeHLPW, ONHaKO He6onbLIaA YacTb MOrFNO- 
WAEeTCA Cene3eHKoM U KOCTHBIM MOSTOM. JA H3yUeHHA NOTNOMEHNA KONMIONAaA KOCTHbIM MOSTOM, 
NPOBOANNOCB UCCNEeAOBAaHNe 6ONBLIOTO KONMYeCTBa MallHeHTOB C IOMOUBE CUKHHTHTPAMM Bcero 
OPrTaHu3Ma H NPOBHNBHOTO H3MEepeHHA YPOBHA PaAHOAKTHBHOCTH Bcero OpFaHNnsMa. YCTaHoBneHo 
TPH OCHOBHBIX TUna pacnpeneneHun: 

1. HopManbHblä Tun. Y mallmeHToB, He CTpanamılux 3a6oneBaHuAMN KOCTHOTO MOSTa, NO- 
rnowenune 3onora-198 6H1NO OTPaHHyYeHO O6NACTAMM UEHTPAaNBbHEIX OTAENOB KOCTHON CHCTEMEI (TpyA- 
Has KleTKa, IO3SBOHOYHNYK, Ta3, yepen U NPOKCHMANBHbIe ArıuhHsbI 6enpeHHoA u nneyeBof Kocref), 
T.@. OÖbIYHbIMNH YYaCTKaMH AKTHBHOTO KpacHoTO KOCTHOTO MO3Ta. 3a UCKAIWYEHHEeM NPOKCHMANb- 
HbIX 3NHBH30B 6beApeHHoA NH mNeyeBof KocTef He O6Hapy’KeHO HHKAaKHX HAM O6Hapy’XKeHbI OUEHb He- 
6onbume CneAbI NOTNOWEHHA B KOCTAX PyK U HOT. 

2. Tnnepnnacruueckuf Tun. Takof BuA pacnpenenenHna ÖbIN OÖHapyXxeH NPH HCTHHHOA NONH- 
UMTEMUH U B YCNOBHUAX TeMonN3a. [lornowmeHHe B KOCTHOM MOSTy YBeAH4HBaANOCb HU IOMHMO UEHT- 
PanbHbIX OTAENOB KOCTHOM CHCTEMBbI SHAUHTENBHOE MOTNOMEHHe 3ayacTyW| HMENO MECTO B ANUHHBIX 
KOCTAX PyK U HOT. 

3. MecrtpyKruBHbA Tun. ITOT Tun pacnpeneneHnusa NOCTOAHHO OÖHapyXKHUBancaH IIpH MUeNo- 
bu6po3e MH OyeHB YacTo TIPH NefKeMHH, KaplIHHOMATO3E KOCTHOTO MO3TA, 3NOKAYECTBEHHOÄ IHM- 
$doMe c NOpaXxeHHeM KOCTHOTO MOo3Ta. OH xapaKrepusoBanca OÖLIMM CHHKEHHEM NOTNOWEHHA 
B KOCTHOM MOSTy B UeHTPAaNbHbIX OTAENAaX OpTaHH3Ma Hapaay C YBenHuyeHHeM CTEeNeHH NOrNoMe- 
HUA B AJIMHHBIX KOCTAX HOT U PYyK B CBASH C KOMNEHCATOPHEIM NepHhepH4UecKHM TEMATONO93OM. 
B 3ToM cnyuae MOXHO 6bINO Ha6nmAaTb BCce CTeneHNH paspyllieHuA KOCTHOTO MO3Ta HU KOMEHCATOp- 
HoA nepnhepnuecKof Tunepnnasum. 

B pesynprarte nPOoBHNBHOTO U3MepeHHA PalHOaAKTHBHOCTH BCeTo OPFaHH3Ma MOXHO Ö6BINO 
nony4uTb 6onee MONHOE KONHYECTBEHHOE H BOCHPOHSBOAHMOE BblpaXxeHMe A1A NOTNOWMEHHA B KOCT- 
HOoM Mo3Ty. B cıyyasıx HCTHHHOÄ MONHUHTEMHH MPOBOAHNHCB NOBTOPHbIe HCcnenoBaHuun. B He- 
KOTOPbIX CAyyasX yMaBanloCb NPOCNEAHTb H3MEHEHHA CTEeNEeHH NOTNOWEHHA B KOCTHOM MOSTyY NPH 
npeBpauleH4uN UCTUHHOÄ NONHUHTEMHH B CTaAm® MHenobHöposa. Ha OCHOBAaHHH MOAPOÖHBIX CUKHHTH- 
TpaMmM Ta3a MOXHO ÖbI1O TaKxke HCCNEeNOBATb CTEeNEHb Pa3BHTHA MECTHBIX HapylIeHHf, HanpHMep 
KOCTHBIX OTIyXONeÄ MH KOCTHBIX MeTacTa30B. Co0oÖ6Waerca TaKxke O HEKOTOPBIX YCOBEPLWIEHCTBOBA- 
HUAX KOHCTPYKUHH KONMMHMATOpa H MeTona PerHcTpauun. 


CENTELLEOGRAMAS DE LA MEDULA ÖSEA DESPUES DE UNA INYECCIOÖN INTRAVENOSA DE ORO-198 
COLOIDAL, EI 19Au coloidal inyectado por vfa intravenosa es räpidamente eliminado de la sangre por la 
actividad del sistema reticuloendotelial. La mayor parte del coloide inyectado se fija en el hfgado, pero 
el bazo y la m&dula ösea absorben una pequefia cantidad. El autor ha estudiado la absorciön medular en un 
gran nümero de pacientes mediante centelleogramas del cuerpo entero y por trazado del perfil de radiactividad 
del cuerpo entero, y ha observado tres tipos principales de distribuci6n. 

1. Tipo normal. En los pacientes que no sufrfan ninguna afecciön de la medula 6sea s6lo absorbieron 
198Au las partes centrales del esqueleto (t6rax, columna vertebral, pelvis, cräneo y epffisis proximales del 
femur y del häümero), es decir, las zonas donde normalmente se encuentra la medula 6sea roja en actividad. 
Exceptuando las epffisis proximales del f£mur y del hümero, la actividad en los huesos de los brazos y de las 
piernas fue nula o sumamente leve. 


2. Tipo hiperplästico. El autor encontrö este tipo de distribuci6n en los casos de policitemia vera y 
de enfermedades hemolfticas. La absorciön medular fue mucho mayor y con frecuencia pudo observarse una 
absorci6n considerable, no s6lo en la parte central del esqueleto sino tambien en los huesos largos de los brazos 
y de las piernas, 

3. Tipo destructivo. El autor lo observ6 regularmente en los casos de mielofibrosis y muy a menudo en 
los de leucemia, carcinomatosis de la medula ösea y linfomas malignos con repercusiones en la me&dula 6sea., 
Se caracteriza por una reducciön general de la absorciön medular en las partes centrales delcuerpo y un aumento 
de la captaci6n por los huesos largos de las piernas y de los brazos debido a una hematopoyesis perif&rica com- 
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pensadora. De esta manera se pudieron visualizar todos los grados de destrucciön de la medula 6sea y de hiper- 
plasia perif&rica compensadora. 


Por trazado del perfil de radiactividad del cuerpo entero fue posible obtener para la absorciön medular 
una expresiön mäs exacta y reproducible, Se efectuaron repetidos exämenes en casos de policitemia vera; en 
algunos de ellos fue posible observar los cambios en la absorci6n medular debidos a la evoluciön de la policite- 
mia verahacia la fase de mielofibrosis. Por medio de centelleogramas detallados de la pelvis, se pudo tambien 
estudiar la extensiön de anomalfas locales tales como tumores y metästasis 6seos, El autor expone algunos 
perfeccionamientos introducidos en el disefio del colimador y en el metodo de registro, 


The active, red bone marrow can be visualized by fadioactive scanning 
procedures after intravenous injection of a radioactive colloid (which istaken 
up by the reticulum cells) or radioiron (which is metabolized in the ery- 
thropoetic cells). In this paper only the first-mentioned method will be 
discussed. 

After intravenous injection of colloidal Aul%® about 90% of the injected 
material is normally taken up by the liver, while the remaining part is 
shared between the spleen and the bone marrow. In 1956, while doing some 
liver scintigrams after relatively large doses of Aul®, we observed a slight 
uptake in the bone marrow (Fig.1). Using a total-body scintigraph and a 
detector with a cylindrical collimator (width 2.4 cm, length 8 cm), we 
examined patients with polycythemia vera, myelofibrosis and different 
malignant bone marrow diseases after intravenous injection of 1-2 mc 
colloidal Aul9®, Good correlation was found between the uptake of colloidal 
Au1l93 in the bone marrow and the occurrence of active haematopoesis. Three 
types of distribution patterns could be demonstrated: 


l. Normal pattern 


In patients without bone marrow disease the uptake of Aul98 was limited 
to the central parts of the body (chest, spine, pelvis, skull and proximal 
epiphyses of femora and humera), i.e. normal sites for active, red bone 
marrow. With exception of the proximal epiphyses of femur and humerus 
usually no uptake was demonstrated in the bones of arms and legs. 


2. Hyperplastic pattern 


This type of distribution was found in polycythemia vera and haemolytic 
conditions, and probably also occurs in other diseases with hyperplasia of 
the bone marrow. It was characterized by increased uptake in the bone 
marrow and, besides the central part of the body, considerable uptake was 
often demonstrated in the arms and the legs (Fig. 2). 


3. Destructive pattern 


This pattern was regularly found in myelofibrosis and occurred very 
often in leukaemia, myeloma, malignant lymphoma and bone-marrow car- 
cinomatosis. In these cases a general reduction of the bone-marrow uptake 
in the central parts of the body was observed often combined with increased 
uptake in the legs and the arms due to compensatory peripheral haemato- 
poesis (Figs.3, 4 and 5). 
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Fig. 1 


The original scintigram made in 1956, in which a slight uptake of 
colloidal Au!® in the bone marrow was observed 
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Polycythemia vera 


Fig. 2 


Bone-marrow scintigrams after intravenous injection of Au! 
Hyperplastic patterns in polycythemia vera. 
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Breast carcinoma Naso-pharyngeal carcinoma 
Bone-marrow carcinomatosis 
Fig. 5 


Bone-marrow scintigrams in two patients with bone-marrow carcinomatosis. The left case had wide- 
spread roentgenologic bone metastasis. In the right case no metastases could be observed 
on the roentgen films, but the carcinomatosis was verified by bone-marrow puncture. 


Diffuse bone-marrow destruction <— Normal — Polycythemia vera —> Myelofibrosis 
(carcinomatosis, leukaemia, fibrosis) Some cases of leukaemia 


| Haemolytic | 
disorders 


Fig. 6 


Scheme of development of different patterns of bone-marrow uptake of colloidal Au 198 
The large rectangles represent the normal site for haematopoesis 
and the small rectangles represent peripheral haematopoesis. 


The probable development of the different patterns is schematically 
presented in Fig.6. 


In order to obtain better resolution and sensitivity we have modified the 
technique in several ways during the last few years. The original small 
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NAI(TI) crystal(13 inX1 in) was replaced by a larger crystal (44 inx 2 in) 
supplied with multi-channel collimators (Fig.7), which improved the scann- 
ing picture considerably (Fig.8). For registration we simultaneously used 
a mechanical printer and a magnetic tape recorder (BERNE et al.[1]), which 
allowed the reproduction of a series of scans with different degree of 
impulse-rate suppression. This gave a semiquantitative impression of the 
uptake in various regions (Figs.9 and 10). The scanning speed was 60 cm/ 
min and the spacing 2.4 cm. 


Au’ jsoresponse curves 


Cylindrical (C() Focused (FI) Focused (F4) 
Hole 24 mm 54 chanmels 24 chamels 


ro 


n 
S 


% 


12 ' ' 3Icm 


In air E=411:40 kev 


Fig. 7 


Isosensitivity curves (in air) for the different collimators 


To obtaina reproduceable and numerical expression for the bone-marrow 
uptake we used profile scanning ad modum POCHIN [2]. For that purpose 
the detector was supplied with a slot collimator with a width of 1 cm. The 
distance between the crystal and the jugular fossa was standardized to 30 cm 
and the detector was moved with a speed of 10 cm/min from head to feet 
with the patient in supine position. The impulse rates were recorded by 
means of two linear ratemeters and a dual-channel pen recorder, allowing 
simultaneous recording of the high impulse rates over the liver and themuch 
lower rates over various parts of the bone marrow (Fig.11). The curve 
was calibrated by measurement of a standard dose of Aul®, For numerical 
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Fig. 10 


Bone-marrow carcinomatosis with pronounced bone -marrow destruction. 
. . . 
Magnetic tape recording- 
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Fig. 11 


Profile scanning in patient with polycythemia vera 
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interpretation the surfaces below five different parts of the curve were 
measured corresponding to the head, the upper part of the chest including 
the shoulder girdle, liver and spleen, pelvis (including the proximal parts 
of femora) and the remaining parts of the legs. To calculate these different 
areas we used an arrangement with two scalers and a read-out unit. The 
impulses were alternately counted in the two scalers with time intervals 
corresponding to 1 cm of the profile scan. The numerical expression thus 
obtained gave in some way more information than the scintigram, especially 
regarding the uptake in the normal sites for active bone marrow. An 
example of the value of this method is demonstrated in Fig.12, which gives 
the result in ten consecutive controls, 25 cases of polycythemia verain 
active stage and 25 cases of leukaemia. Most cases of polycythemia vera 
had increased relative uptake in the bone marrow and many leukaemias nad 
decreased uptake. Also, however, some cases with increased bone-marrow 
uptake were found among the leukaemia patients. 

Profile counting made it also possible to follow individual patients during 
different phases of their disease. We had for instance the opportunity to 
follow the development of myelofibrosis in some cases of polycythemia vera 
and observed a good correlation between the degree of fibrosis and the re- 
duction of Aul% uptake in the bone marrow. As might be expected, treat- 
ment with P32 usually caused depression of the bone-marrow uptake (Fig.13). 


28) 


n 
oO 


a 


S 


Relative uptake in bone marrow 


Controls |Polycythemia! Leukaemia 
vera 


(active) 


Fig. 12 


Relative bone-marrow uptake in controls, polycythemia vera and leukaemia 
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Relative "bone=marrow uptake“ 19.7 Relative "bone-marrow uptake" 75 
Feb. 7,1962 Jun. 18,1962 
Hab. 20.7 (131%) Hgb. 11.1(70%) 
RBC 85M - RBC 3.5M 
6 mc p% 
Fig. 13 


Depressi'n of bone-marrow uptake after P? -treatment in a case of polycythemia vera 


Sometimes, however, the pattern of distribution changed also after thetreat- 
ment, with reduction of the uptake in the central parts of the body and simul- 
taneousincrease ofuptakeinthe more peripheral parts (Fig.14).This and several 
other observations gave the impression that the activity ofthe bone-marrow 
reticulum might be regulated by some hormonal mechanism of feed-back 
type. 

By scanning technique it was also possible to obtain a more detailed 
picture of special parts of the bone-marrow system (Fig.15), including pos- 
sibilities for demonstration of localized. lesions such as tumours and 
metastases (Fig.16). 

Even with the improvements described above the method requires too 
large tracer doses for a more extensive use in benign diseases. A good 
total-body scintigram can seldom be obtained after less than about 0.5 mc 
Aul9 in cases with normal uptake and 0.2-0.3 mc in patients with increased 
uptake (for instance polycythemia vera). The profile counting requires doses 
in the order of 0.1-0.2 mc. We think, however, that the method can be 
further improved by development of the detector and registration system, 
by the use of more short-lived radioisotopes or, perhaps, by the use of col- 
loids with less affinity to the liver and more affinity to the bone-marrow 
reticulum. It is also possible that radioisotopes of iron will be more suitable 
for bone-marrow scanning. 
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Polycythemia vera 


Fig. 14 


Changes in the pattern of distribution of colloidal Aul%® in the bone marrow of a patient 
with po'ycythemia vera treated four times with P?? between Sep. 1960 and Jan. 1962 
(total dose 24 mc P32 ) 


Fig. 15 


Scintigram of the pelvis. Magnetic tape recording - 
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Fig. 16 


Bone metastasis in a patient with carcinoma of the rectum 
The defect visualized in the left iliac bone in the scintigram was verified as a metastasis 
by a bone-marrow aspiration but could not be demonstrated on the radiographs. 
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SCANNING OF BONE MARROW IN 
HAEMATOPOIETIC DISORDERS 


R.M. KNISELEY, G.A. ANDREWS, C.L. EDWARDS* AND R. TANIDA 
OAK RIDGE INSTITUTE OF NUCLEAR STUDIES ** 
TENN., UNITED STATES OF AMERICA 


Abstract — Resume — Annotaunsa — Resumen 


SCANNING OF BONE MARROW INHAEMATOPOIETIC DISORDERS. Scanning can help evaluate size and 
distribution of the haematopoietic marrow, a difficult task by aspiration or biopsy. With the 61-hole focusing 
gold-tungsten Oak Ridge National Laboratory Scanner, the marrow organ has been clearly delineated by means 
of intravenous colloidal Au!?, it being known that reticulo-endothelial function in the marrow correlates with 
areas of haematopoiesis. Patients with normal haematopoiesis and with a variety of blood disorders such as 
focal marrow lesions, acute and chronic leukaemia, polycythaemia vera, myelofibrosis, multiple myeloma, and 
lymphoma have been scanned. Because of the reticulo-endothelial activity in liver and spleen, the marrow 
pattern is obscured in the mid-trunk. Vertebral bodies, intervertebral discs, pelvis and long bones are outlined, 
and, in the thorax, the sternum and thoracic vertebrae. Focal lesions have also been found. Because of 
respiratory motion, individual ribs are not seen. In expanded marrow, the knee region can be shown, including 
the joint space. It has been possible to correlate these scans with aspiration biopsy and with linear scans. 
Because relatively large doses of Aul?® are required, other isotopes are being investigated. An improved whole- 
body scanner is being tested for more practical scans, 


GAMMAGRAPHIE DE LA MOELLE OSSEUSE DANS LES TROUBLES HEMATOPOIFTIQUES. La gammagra- 
phie permet d'&valuer plus aisement l’importance quantitative et la rEpartition de la moelle h&matopofetique, 
täche qu'il est difficile de r&aliser par biopsie. Au moyen du scintigraphe or-tungstöne, A collimateur avec 
61 canaux A focalisation, du Laboratoire national de Oak Ridge, on a pu nettement d&limiter l’organe m&dulleux 
a la suite d'une injection intraveineuse d'or-198 collofdal; on sait, en effet, que la fonction r&ticulo-endo- 
theliale de la moelle correspond A des zones d'h&matopol®se. On a fait des gammagraphies sur des sujets pr&- 
sentant une hematopof®se normale mais divers troubles sanguins: l&sions focales de la moelle, leuc&mie aigu& 
et chronique, polyglobulie vraie, my&lofibrose, my€lomes et lymphomes. Etant donn& l'activite r&ticulo- 
endothe&liale dans le foie et la rate, la structure m@dullaire est obscurcie au milieu du tronc. Les vert2bres, 
les disques intervert@braux, le bassin et les os longs apparaissent tr&s nettement ainsi que — dans le thorax — le 
sternum et les vert2bres thoraciques. On a aussi relev€ des l&sions focales. En raison du mouvement respiratoire, 
on ne distingue pas les diverses cötes. Il a Et& possible de mettre les scintigrarnmes en corr@lation avec des 
biopsies par aspiration et des scintigrammes lin€@aires. Comme il faut des doses de !9®Au relativement impor- 
tantes, on etudie actuellement certains autres radioisotopes. On essaie un appareil perfectionne de scintigraphie 
de l"ensemble du corps en vue d'obtenir des scintigrammes plus pratiques. 


CKEHHUPOBAHHE KOCTHOTO MO3TA IIPM TEMATOTIIOISTUMECKNX HAPYWEHHNIX. 
CKeHHHPOBAaHNE MOXET TIOMOUB IIPH OleHke O6%eMa MH pacnpeneneHNnA TEMATONOITHYECKOTO KOCT“ 
HOTO MO3Ta—-TpyAHoA 3anaye ANA acıımpaumn Hnm ÖHoncHH. C NOMOUbP CKeHHepa C 30NOTBIM- 
BOonbbpaMmoBbIM BOKYCHPyEMLIMM KOAMIMMATOPOM AHaMeTpoM 61 MM B OKPHAXCKON HaulHoHanbHON 
na6opaTopuH MOoCNe BHYTPHBEHHOTO BBeAeHuA KonnoMAanbHOoro 30n0oTa-198 6bINM NONyUeHbI YeTKHe 
oyepranna KOCTHOTO MO3TAa, IIPHYeM H3BECTHO, YTO PeTHKyNO-3HAOTEeNNManbBHaA PYHKUNA KOCTHOTO 
MO3TAa COOTBETCTBYeT O6NaCTAM TeMaTono93a. ÜCKEHHNUPOBAHHE TIPOBOANNOCB y MAUMEHTOB C HOp- 
MalbHbIM TeMATONO330M NM C Pa3HbIMNU HapyllieHHAMM KPOBH, HanphHMep C OUarOBbIM TIOpaxKeHHEeM 
KOCTHOTO MO3TAa, OCTPoA HU XPoHHnyecKoN NeikeMHeii, UCTUHHOH NOAHUNTEeMHEH, MHEeNOKH6POSOM, 
MHO%XECTBEHHOM MU3NOMOÄ H IUMbOMOM. B CBA3SU C PeTUKYNO9HAOTENNANBHON AKTUBHOCTBP B 
NeyeHH HU CeneseHke H306paxeHHe KOCTHOTO MO3TAa 3aTeMHEeHO B UeHTPaAbHOM OTAene. OuepueHbl 
Tena N03BOHKOB, MEe’XTIOSBOHOUHBbIE ANCKH, KOCTU Ta3a U ANMHHbIe KOCTU, a B TPyAHOoN Klerke Tpy- 


”* Presentaddress: United States Public Health Service, Staten Island, N. Y. 
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AMHa U TPyAHbIe TIOSBOHKU. OÖ6HapyxeHbIl TaKKe OyarToBble nOpaxeHuA. OTAäenbHble peöpa He BHAHbI 
H3-3a AbIXATENbHEIX ABNXeHHÄ. Tlpu paspacrannn KOCTHOTO MO3Ta eTO MOXHO BUAeTb B KONEHHOH 
o6nacTH, BKAMyana o6nacrb CycraBa. IloaBnnachb BOI3MOXHOCTB CBA3ATb 9TH CKeHOTPaMMEbI C AAH- 
HbIMH aCIIHpauMOHHOH ÖHONICHH MH C IMHeÄHLIMM AuarpamMamu. B cBasu cC TeM, yUTo Tpe6ymrca 
CDARHHUTEeNBHO 6onbLIMe M03bI 30N0oTa-198, nccneayercaA BO3MOXHOCTB IPHMEHEHHA APYTHX H30TO- 
noB. na nonyueHnuA CKeHHOTPaAMM, HMEePLHX ÖonblIee NpaKThHyecKoe 3HayeHHe, B HacTonllee Bpe- 
MAI MCNEITbIBAeTCA YCOBEPWEHCTBOBAHHOE YCTPOACTBO ANA CKEeHHUPOBAHUA BCETO OPTaHH3Ma. 


EXPLORACIÖN DE LA MEDULA ÖSEA EN CASOS DE TRASTORNOS HEMATOPOYETICOS. La centelleo- 
graffa puede constituir una ayuda valiosa para evaluar el tamafio y la distribuciön de la m&dula hematopoy£tica, 
operaciön diffeil de realizar por aspiraciön o por biopsia. Con el centelleögrafo del Oak Ridge National Labora- 
tory (colimador de oro-wolframio enfocado, de 61 canales) los autores han podido delinear claramente la mE&- 
dula inyectando oro-198 coloidal por vfa endovenosa, ya que se sabe que la funci6n reticuloendotelial de la 
medula estä relacionada con zonas de hematopoyesis. Han sometido a exploraciön gammagräfica a pacientes 
con funci6n hematopoyetica normal y a otros con diversos trastornos de la sangre: lesiones focales de la m&dula, 
leucemia aguda o crönica, policitemia vera, mielofibrosis, mieloma mültiple y linfoma. La actividad reti- 
culoendotelial del hfgado y del bazo no permiten distinguir bien la medula en la parte central del tronco. En 
los centelleogramas se perciben claramente las vertebras, los discos intervertebrales, la pelvis y los huesos 
largos y, en el ttörax, el esternön y las vertebras torädcicas. Se han hallado tambien lesiones focales. Los 
movimientos respiratorios no permiten ver individualmente las costillas. Cuando la m&dula estä dilatada se 
puede visualizar la zona de la rodilla, incluido el espacio articular. Los autores han logrado establecer una 
correlaciön entre estos centelleogramas, los resultados de biopsias por aspiraciön y centelleogramas lineales. 
Como se requieren dosis relativamente elevadas de oro-198, se estä estudiando la posibilidad de emplear otros 
isötopos. Tambien se estä ensayando un antropogammärmetro perfeccionado con el finde facilitar la exploraciön. 


1. INTRODUCTION 


The organ of haematopoiesis is difficult to locate and quantitate. Its 
response to stimuli such as haemorrhage, infection, altitude, or disturbances 
in homeostasis is difficult to measure: (a) the peripheral blood often does 
not reveal the bone-marrow picture accurately, and (b) there are limits to 
the numbers and sites of bone-marrow aspirations. Single bone-marrow 
aspirates, although a valuable procedure in studying disorders of haemato- 
poiesis, may not provide a representative aliquot of the organ. Moreover, 
roentgenology, although it is evolving useful adjunct information for the field 
of haematology [1], usually gives little information on the sites or functional 
activity of bone marrow. 

Refinements in scintillation scanning have stimulated our group to in- 
vestigate patients with a variety of haematopoietic disorders. ENGSTEDT 
et al [2] showed the feasibility of total-body scintigrams after intravenous 
injection of colloidal Aul®. We also have been able to demonstrate the 
distribution of haematopoietic marrow with considerable detail [3], exploiting 
the observation [4] that the distribution of intravenously injected colloids 
in the bone marrow correlates well with the areas of active haematopoiesis. 
POCHIN [5] has suggested the uses of profile scanning in giving a rapid and 
quantitative measure of radioisotope distribution throughout the body. 


2. MATERIALS AND METHODS 


2.1. Instrumentation 


Area scans were obtained with the Oak Ridge National Laboratory (ORNL) 
research scanner. This device is equipped with a tungsten-alloy shield, 
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3 in X 2 in Nal crystal with a 37-tapered-hexagonal-hole-gold collimator 
focusing 3 in from its front face [6,7]. Photoscans were recorded using 
a 1:1 dot factor with the spectrometer setting at the 410-keV energy peak 
for Aul9® and a window opening of 100 keV. Scans were made at the speed 
of 0.3 in/s and the collimator was placed to traverse at minimum clearance 
across the surface of the patient. Profile scans were obtained with the 
ORINS linear scanner [8]. This instrument consists of twelve 2-in Nal 
crystals arranged in two opposing lines of six each, shielded with movable 
jaws of lead 2-in thick, and placed at a distance from each other of 39in. 
The patient is placed on a motor-driven platform, which passes between 
the two sets of detectors at a table speed of 12 in/min. Signals from the 
detectors are fed into a spectrometer with an energy band set at 410 keV 
and a window width of 100 keV. The profile of radioactivity is recorded on 
a recording ratemeter. 


2.2. Procedure 


Intravenous doses of usually 1-2.5 mc of colloidal Aul%* are ad- 
ministered. Since the reticuloendothelial system clears the gold from the 
circulation with a half-time of 3-5 min, scanning can begin 15 - 30 minafter 
intravenous injection. Test material once phagocytosed remains fixed and 
apparently does not redistribute; hence scanning can be carried out at any 
time during the next day or so. Routinely the following views were obtained; 
anterior chest, anterior pelvis, posterior pelvis. Serial linear scans were 
made at three different ratemeter scale settings to provide three levels of 
sensitivity. In patients for whom the linear scan indicated abnormal distri- 
bution of radioactivity into the extremities, area scans of the skull and upper 
and lower extremities were also obtained. 


2. 3, .Batlents 


A total of 60 groups of scans have been prepared on 51 patients with a 
variety of haematopoietic disorders, as summarized in Table I. 


3. RESULTS 


We have observed a range of patterns from no visible marrow to agreat- 
ly expanded marrow organ with uptake even in the distal bones of the ex- 
tremities. The experience also includes increases and decreases of uptake 
in the usual marrow areas and compensatory extension of the marrow organ 
in certain patients with destructive processes in the sites of usual haemato- 
poiesis. Focal marrow lesions, some of small size, have also been 
visualized. 


”** Abbott Laboratories, Oak Ridge, Tenn. 
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TABLE I 


SCANNING OF BONE MARROW 


Diagnosis No. of patients Summary of findings 


Acute leukaemia 10 


Pattern varies from low uptake or 
patchy focal lesions to normal or in- 
creased uptake in an expanded organ 


Subacute granulocytic leukaemia 2 Normal or expanded organ with 
increased uptake 


Chronic granulocytic leukaemia 1 Somewhat increased uptake and 
expanded organ 


Chronie lymphocytic leukaemia 3 Concentration diminished in advanced 
stage; normal in one patient with 
haemolytic complication; patchy 
decrease in sites of radiation therapy 
with compensation in long bones 


Polycythemia vera 1 Normal or slightly expanded 


Polycythemia vera, late stage 3 Varies: expanded organ into long 
bones; decreased uptake 


Myelofibrosis 3 Very low to absent concentration in 
marrow 

Anaemia; acquired haemolytic 1 Increased concentration in usual sites 

Anaemia; refractory, sideroblastic 1 Profound expansion of organ and 


increased uptake 


Multiple myeloma 3 Activity in head and in extremities; 
evidence of attempt to compensate 
for destroyed marrow 


Local radiation therapy for soft- 5) Usually low or absent concentration 
tissue neoplasms persistent (up to 3-yr observation 
postradiotherapy)at sites of treatment 


Metastatic tumour in bone 2 Defect at site of lesion and radiation 
therapy 
Hodgkin's disease 9 Varies: good visualization with ex- 


panded organ in some; focal areas 
of decreased to absent uptake at site 
of bone lesion 


Lymphosarcoma A Focal and regional decrease in some 
sites; decrease or absence at sites 


of radiotherapy 


No haematologic disease or 
marrow lesion 


Activity mainlyconfinedto bones of 
trunk with small amounts in proximal 
humeri and femurs. One 18-yr-old 

patient with lupus had a small amount 
of activity in the region of the knees 
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3.1. Normal patterns 


Although no truly normal patients were studied, we established approxi- 
mations of the normal pattern by observing patients without primary blood 
diseases or known metastases to the marrow. Scans of the pelvic region 
show the greatest detail and this view has usually provided the most in- 
formation. Here there is no obscuring of the skeleton by liver or splenic 
activity. The normal area scans showed most of the activity (outside the 
large amounts in the liver and spleen) to be in the bones of the trunk. Small 
amounts were seen in the proximal parts of the humeri and femurs and in the 
neck and skull. The normal linear scans showed a large peak caused by 
the liver and spleen; activity was seen in the marrow of the trunk, and with 
the more sensitive scale settings, very small amounts of the skull, neck 
and proximal femurs. In the region of the liver and spleen any activity 
present in marrow was obscured by the large amount in these organs. The 
amount of colloid deposited in the lungs varied appreciably. In those patients 
with a relatively large amount in the lungs, and little in the bones of the 
chest, the heart outline could be seen as a pale area. We have confirmed 
our suspicion that significant activity may be in the pulmonary parenchyma 
noting decreased activity on the side of operation in a patient who had had a 
pneumonectomy. Respiratory motion contributed to the indistinct outline of 
the ribs. In one emphysematous patient with a relatively fixed chest, the 
pronounced concentration in individual ribs was seen (Fig.lc). 


3.2. Expansion of marrow 


In some patients a general expansion of the marrow organ was clearly 
shown. This was conspicuous in patients with erythroid hyperplasia; it was 
most striking in a patient who had a refractory anaemia associated with in- 
effectual erythropoiesis (Fig.1) and in a patient who had an extreme erythroid 
myeloproliferative state subsequent to polycythemia vera. Other examples 
of less pronounced marrow expansion were seenin certain patients with 
acute and chronic leukaemia (Fig.5c). 

Compensatory hyperplasia was associated with impairment of function 
of the marrow inits usual sites. The most notable example was a patient 
with multiple myeloma (Fig.2) who had replacement of much of the marrow 
of the trunk and extension of haematopoietic function to the long bones. The 
validity ofthe interpretation ofthe marrow scans was confirmed by aspiration 
from multiple sites [3]. Other examples of compensatory marrow expansion, 
less pronounced, were seen in another patient with myeloma and in three 
patients with large radiation ports over the trunk. An additional patient with 
lymphosarcoma, and one with lymphocytic leukaemia, had some extension 
of marrow into the long bones, possibly related either to radiation therapy 
of the trunk or to effects of the primary disease. 


3.3. Contraction of marrow 


Widespread impairment of radioisotope deposition was seen in late stages 
of polycythemia with marrow fibrosis and in patients with myelofibrosis 
lacking any earlier history of polycythemia (Fig.3). A similar picture was 
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A 65-yr-old man with chronie refractory sideroblastic anaemia 
(a) Linear scan. Expansion of marrow space into head and extremities. 
(b) Increase in calvarium and base of skull. 


(c) Chest, anterior view. Pronounced increase in bones and expansion into humenus. 


clear outline of ribs. In this patient emphysema prevented usual excursion of chest. 
(d) Marrow in distal humerus and proximal forearm. 


(e) Anterior view of pelvis with heavy, 
into shafts of femurs. 


Note unusually 


increased concentration in normal sites and extension 


(f) Marrow expanded toknees and proximalrighttibia; lateral condylesin this instance not participating. 
(Marrow aspiration of right lateral condyle ofhumerus showed fatty martow with suggestion of necrosis.) 
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Multiple myeloma, 52-yr-oldwoman. Follow-upscans 7 months after previous series [compare illustration 


in ref.3]. 


The disease has progressed and the compensatory haematopoiesis in the periphery is now less 


The patient lost 12 in in height from myeloma widespread in trunk. 


pronounced. 


increase in lung fields with clear cardiac 


(a) Anterior view of chest, 


focal 


absence of usual thoracic concentration; 


activity, head of humerus. 


silhouette; 


absent uptake in usual bony sites owing 


to widespread destruction of trunk; 
(ce) Compensatory activity in knee region; 


(b) Anterior view of pelvis; 


foci in heads of femurs, 


correlates with aspiration 


biopsy showing active normal haematopoiesis. 


(d) Linear scan showing abnormal distribution of functioning marrow. 


also seenin certain cases of acute leukaemia and one patient with a late stage 


A mild degree of generalized impaired 


uptake was seen in one patient with Hodgkin's disease. 


of chronic lymphocytic leukaemia. 
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Fig. 3 
Myelofibrosis, 30-yr-old man. 
(a) Chest scan, absence of usual uptake 
(b) Pelvis, anterior view; absence of usual uptake. Note massively enlarged spleen. 


(c) Linear scan. Usual liver-spleen peak; absence of bone-marrow localization, 
(d) Absence of functioning marrow on area scans of knees. 


3.4. Localized destruction 


More localized areas of decreased radioactivity were seen in several 
situations. One unusual patient with acute leukaemia previously reported [3] 
had extensive necrosis of pelvic marrow associated with complete lack of 
uptake of the isotope. Areas of impaired concentration of the isotope were 
seen in multiple myeloma, Hodgkin's disease (Fig.4), lymphosarcoma, and 
metastatic carcinoma of the breast. 

We observed bone marrow in local irradiation fields; in some instances 
normal marrow was included incidentally in treatment of lesions not in- 
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Fig. 4 
Hodgkin's disease, 12-yr-old boy. Multiple courses post radiotherapy to chest, pelvis past 2 yr. 


(a) Chest with normal concentration in bony thorax. Extension in humerus, normal (?) 
for age. 

(b) Anterior view pelvis; note absence of uptake in left ilium, site of radiotherapy, 
3000 r, Co®, completed 10 d before scan. 

(ce) Anterior view of legs. Extension into extremities pronounced, possibly to be 
expected in a child; note defect in right tibia, site of pathologic fracture, from 
Hodgkin's disease. 

(d) Linear scan. Increased activity in lower extremities, 


volving bone. Our experience with 11 patients demonstrates a range from 
slight impairment to complete absence of isotope deposition of these sites 
treated with either palliative or cancerocidal doses. The impairment of: 
uptake has been seen to persist for periods of 2-3 yr; longer observations 
have not been possible. In one 12-yr-old boy with Hodgkin's disease, a 
normal pattern was seen in marrow in treatment fields within 1-2 yr after 
irradiation; this was considered to be unusually complete and rapid marrow 
regeneration (Fig.4). 
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Fig.5 
Linear scans showing characteristic patterns obtained. The liver-spleen peak is most prominent. 


(a) Normal profile, 58-yr-old woman with history of obscure anaemia but now free of 
findings. Dotted line is profile 2 d after 15 uc of Fe®, Solid and dashed lines are 
after 200 uc of Aul%, 


(b) Pelvic irradiation for carcinoma of ovary; note crater at site of usual pelvic uptake 


(c) Acute leukaemia in 78-yr-old woman; note peripheral expansion into skull and 
lower extremities 


(d) Multiple myeloma; peripheral increase in marrow concentration, 


The profile scans (Fig.5) showed the main peak representing radio- 
activity in liver and spleen. Bone-marrow activity was seen as lesser 
elevations above the base line cephalad and caudad to the liver-spleen peak. 
With more sensitive ratemeter settings (which put the liver-spleen peak off 
scale) the quantitative distribution along the skeleton was demonstrated. 

Normally a peak representing pelvis was the most prominent marrow 
zone. Patterns in general showed the amount of uptake and the distribution 
of the organ, except where hidden by the liver-spleen peak. It was of help 
to show expansion of marrow into the head and long bones of the lower ex- 
tremities. Small focal lesions were not discernible but large areas of im- 
paired function were recorded (Fig.5b). 


4. DISCUSSION 


We anticipate.that mapping out and quantitating the haematopoietic bone 
marrow may be feasible eventually by a combination of the techniques that 
have been demonstrated in this paper. Even at autopsy such information has 
been difficult to obtain heretofore. Multiple local surface measurements 
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with hand-placed scintillation detectors fail to present the required infor- 
mationinaformthat canbe correlated conveniently with anatomic structures. 
A number of complex variables must still be worked out for the scanning 
method and improvements in instrumentation and tracers must be evolved 
before the procedure will have a broad application. For example, an ap- 
parently increased uptake in normal marrow sites as seen on area scans 
may be the result of increased marrow function; but conceivably contri- 
buting to this result might be diminished hepatic blood flow. Ifa greater 
fraction of the dose is circulated through the marrow during the early rapid 
clearance of the colloid from the plasma, then one might expect an apparent 
enhancement of function of the bone marrow. Particle size, amount of stable 
carrier, and uniformity of the colloidal preparation also will affect the rates 
of plasma clearance as well as the sites of localization. In fact, these 
factors might be exploited for greater relative localizationinthe bone marrow. 
The physical characteristics of the radioisotope and the capabilities of the 
equipment also influence the picture obtained. The size of the patient is 
significant in relation to absorption and scatter. Area scanning even with 
optimal focusing collimators [7] does not provide a quantitative record of 
the radioactivity at various depths in the body. The profile scans were of 
specific value in certain situations where quantitation is needed. They indi- 
cate the extent of expansion or contraction of the marrow organ and may 
show areas of compensatory haematopoiesis. The profile scans, because 
of the great sensitivity of the instrument, may show small peaks over the 
extremities representing concentrations of activity too slight to be seen in 
area scans. They are not helpful in showing small focal areas of negative 
uptake in the areas of usual concentration. The profile scans can be made 
with much smaller test doses (200 ac or less) of colloidal Aul%, and thus 
can be made in patients for whom the larger doses would not be suitable. 
The profile scans can be made much more rapidly and are less tiring for 
the patients. $ 

Practically, scans assist in finding the best site for bone-marrow as- 
piration studies. In a number of the patients, needle-aspiration studies or 
autopsy findings were available after scans; the observations and inter- 
pretations made from the scan records were confirmed, providing a better 
basis for understanding the nature of the local lesions or abnormal sites 
of haematopoiesis. 

Colloidal Aul9 has been the most useful tracer isotope in this study, but 
it is still far from ideal. Colloidal Aul9 with alower gamma energy was 
tried, but scans were unsatisfactory, possibly because of a less than optimal 
colloidal preparation. Heat-denatured human serum albumin labelled with 
1131 was tried also. However, the release of the iodine label from the re- 
ticuloendothelial system within an hour or so after injection creates a high 
body background and localization of the iodide in the urinary tract obscures 
the pelvic region. The disadvantages of most colloidal preparations now 
available have the common failing that the bulk of the dose localizes in the 
liver and spleen, thus obscuring the midtrunk. Moreover, the colloidal 
preparations are a direct measure of reticuloendothelial function and only 
indirectly give evidence on haematopoietic function. In patients of many 
types a good correlation has been seen between haematopoietic activity and 
phagocytic activity in the bone marrow. However, we have not had the op- 
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portunity to study aplastic anaemia or acute marrow depressions caused by 
chemotherapy; it is possible that in these situations or others the corre- 
lation between these two functions is imperfect. 

Another disadvantage to the use of colloidal Aul®® is the relatively high 
test dose required. Although this dose does not produce any demonstrable 
haematologic depression, admittedly it is too high for routine use. Hence, 
in these studies, it has been confined to patients with disorders that would 
require marrow-depressing therapy or whose outlook is such that the pos- 
sibility of late radiation effects is not important. Therefore we are seeking 
ways to improve the method. If a suitable colloid of technetium-99m can 
be prepared it will have significant advantages over Aul®,.: With the 6-h 
half-life the radiation exposure is a small fraction of that obtained from 
Au!l®, The 140-keV gamma emission would demand much less collimator 
shielding. The short half-life would also permit relatively frequent serial 
studies to observe the changes in a patient who is responding to therapy or 
whose disease process is in rapid transition. Other colloidal preparations 
with selected amounts of carrier (for example, rare earths) may eventually 
also offer advantages over Aul%. 

Ideally an isotope of iron would offer a direct means of observing ery- 
thropoiesis. Unfortunately iron-59, in addition to its high gamma-ray 
energy, has a long half-life so that a dose sufficient to obtain area scans 
with comparable resolution and reasonable scanning times is not feasible. 
Informative profile scans can be made with moderate-sized tracer doses 
(Fig.5a); however, when iron-52 can be made available, its 8-h half-life 
will allow significantly larger doses and it should be possible to obtain a 
direct view of the erythropoietic marrow organ and its size and distribution. 

Another area for potential improvement is in refinement of instrumen- 
tation. The scanner used in the studies reported here is actually designed 
for high-resolution area scanning of organs such as brain, thyroid, kidney, 
and liver. At ORINS a new whole-body scanner has recently been con- 
structed in collaboration with the ORNL group. It uses a 5-in scintillation 
erystal and a high-resolution lead-focusing collimator, which is described 
elsewhere in these proceedings [9]. From preliminary scans it has been 
possible to obtain a whole-body scan in approximately 1 h using doses of 
Aul98 similar to those required for the area scanner (Fig.6). With testing 
and refinement of this equipment, it is anticipated that rather detailed views 
of the skeleton can be obtained with considerably greater efficiency, although 
some loss of resolution will be expected. 


5. SUMMARY 


Radioisotope scanning techniques promise to be of considerable as- 
sistance in determining the size and distribution of the haematopoietic mar- 
row organ. With the 61-hole focusing gold-tungsten research collimator, 
the marrow organ has been clearly delineated using intravenous colloidal 
Au1l9%®, Patients with normal haematopoiesis and with a variety of haemato- 
logie disorders have been studied: focal marrow lesions, acute and chronic 
leukaemia, polycythemia vera, myelofibrosis, multiple myeloma, and 
lymphoma. The reticuloendothelial activity in the liver and spleen obscures 
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Fig. 6 


Whole-body scan, a 78-yr-old woman with acute leukaemia (same as Fig.5(c)). ORINS whole-body 
scanner. Scanning time, 1 h, Au!%, 2 mc. Distinct expansion of marrow into long bones and head as 
indicated indicated in linear scan. Some spurious counts on the record are machine artifacts. 


the marrow pattern of the midtrunk. Vertebral bodies, intervertebraldiscs, 
pelvis, and long bones are outlined, and in the thorax, the sternum, and 


thoracic vertebrae. In expansion of the marrow organ, the calvarium 


220 R.M. KNISELEY etal. 


and the peripheral long bones can be delineated. Relatively small focal 
lesions have also been found. Because of respiratory motion individual ribs 
are not usually seen. Sometimes significant activity in lungs has been 
demonstrated. 

Linear scans give some quantitative estimation of the distribution of 
marrow along the trunk and are useful in showing abnormal extension of the 
marrow outside ofthetrunk. In addition, contractions or regionaldestruction 
of the marrow outside of the liver peak can be estimated semiquantitatively. 

Aspiration biopsy and autopsy studies confirm the interpretations made 
on the scans. Thus a broader more comprehensive view of the blood- 
forming organ can be obtained. Because of the relatively large doses of 
Aul9® now required, other tracer isotopes are being investigated. Improved 
instrumentation for the linear scanner and for area scanning promises more 
practical and more quantitative techniques. 
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DISCUSSION 


(On the two foregoing papers) 


R. HÖFER: It may be of interest if I briefly discuss a non-scanning 
technique we have been using to investigate the uptake of colloids by the bone 
marrow. We were prompted to do this work after seeing the bone-marrow 
scans shown by Dr. Larsson“ at the Seminar on Medical Radioisotope Scan- 
ning organized by the International Atomic Energy Agency in 1959 and by the 
later observations of Kellershohn and Desgrez demonstrating a high Aul%- 
colloid uptake in the bone marrow of patients with liver cirrhosis. The ad- 
vantage of our method over the scanning procedures presented byDr.Larsson 


>?* Medical Radioisotope Scanning, IAEA, Vienna (1959) 117-120. 
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and Dr. Kniseley is that one only needs a Aul9% dose of 50-100 uc. The 
information it provides will answer many if not all of the questions which 
can be answered with scanning techniques. 

Our technique is as follows. We inject a tracer dose of colloidal Aul% 
and then determine the disappearance curve of the colloid from the blood in 
two ways, firstly by external counting over the head, and secondly by count- 
ing blood samples taken at intervals of 1 to 10 min. The initial counting 
rate for both disappearance curves is determined by extrapolating to zero 
time. The results of both types of measurement are then expressed as 
percentages of initial activity and plotted against time. 

Since the counter used for the body-surface measurements over the 
head ''sees'' not only blood but also reticulo-endothelial cells in the bone 
marrow of the head, the curve measured by external counting reflects both 
disappearance from the blood and uptake by the bone marrow. At any par- 
ticular time the difference between the percentage initial counting rate meas- 
ured over the head and the percentage initial counting rate measured in the 
blood gives an indication of the proportion of the tracer dose taken up by the 
extrahepatic reticulo-endothelial system in the bone marrow. 

It is interesting to note that the figures obtained by this method for the 
relative bone-marrow uptake (RBU) are in agreement with those that 
Dr. Larsson obtained by quantitating his profile-counting results. Innormal 
cases our RBU values ranged between 6.9 and 14.8%. The RBU values for 
polycythaemias were usually high - up to 39%. In some cases, however, 
where the condition merged into osteomyelosclerosis, low uptakes were 
found; the lowest we ever observed was 2%. l agree with Dr. Larsson that 
myelogenous leukaemias may exhibit normal as well as very high RBU- 
values. In our experience this also applies to lymphogenous leukaemias 
and Hodgkin's disease. 

I should be interested to hear the views of both Dr. Larsson and 
Dr. Kniseleyonthe mechanism involvedincasesofabnormally high colloid 
uptake by the bone marrow. We feel that there are only three possibilities: 
(a) impaired uptake of the colloid by the liver leading to a compensatory 
extrahepatic uptake in the reticulo-endothelial system; in liver cirrhosis 
we found values for the RBU as high as 70%; (b) a blood flow through the 
bone marrow that is, in absolute terms, higher than normal; and (c) in- 
creased efficiency of the reticulo-endothelial cells in the bone marrow. 
From experience with the reticulo-endothelial system in the liver it seems 


likely that efficiency is constant over a wide range of pathological conditions. 
I am, therefore, of the opinion that a high RBU is in most cases indicative 
of an increased bone-marrow blood flow; this presupposes, of course, that 
liver blood flow and liver efficiency are normal. 

L.G. LARSSON: I am sure you are right in saying that blood flow 
through the bone marrow plays an important part in the uptake of Au198- 
colloid into the marrow. Ithink, however, that the really important factor 
in this increased uptake is the hyperplasia of the bone-marrow reticulum 
which occurs in connection with general hyperplasia of the marrow. There 
is a very good correlation between the degree of hyperplasia seen in histo- 
logical bone-marrow sections and the uptake of Aul98 by the bone marrow. 

R. KNISELEY: I agree that liver blood flow is a factor that affects up- 
take into the marrow, but this is certainly not the whole story. All sorts 
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of other factors must be involved, e.g. the uniformity of the size of the col- 
loidal particles. The uptake will, I think, be affected if the particles are 
not homogeneous. I am also certain, however, that there is a good corre- 
lation between marrow hyperplasia and reticulo-endothelial activity in the 
bone marrow. Whether or not it is out of phase in some situations, it is 
difficult to say. 

We should be reluctant to use any one site such as the head for the pur- 
pose of obtaining representative data on marrow uptake or changes inmarrow 
uptake. On the basis of fairly wide experience we feel that the patterns of 
expansion of marrow tend to be complicated and non-uniform. In arm count- 
ing studies we have found this same variation in the patterns of disappearance 
from the blood and retention in the forearm. The phenomena involved are 
too complicated to enable tests to be carried out at any one site. 

P. HARPER: We have not observed any localization of Tc99m sulphur 
colloid in bone marrow in our patients but this may be because we have been 
concentrating on other problems. There has been some indication of such 
localization in large rats and we are sure that, given large enough doses of 
this isotope, it would be possible to visualize active bone marrow in patients. 

I was interested,Dr. Kniseley, in the case of the patient who exhibited 
increased phagocytosis in the Jungs. We have found this same phenomenon 
with four elderly emphysematous patients and also in one old rat. I wonder 
what the reason for this could be. 

R. KNISELEY: In this connection I might perhaps mentionthatthe patient 
whose ribs were clearly shown (Fig. 1C) had pronounced emphysema but there 
was no increase in pulmonary concentration. 

A. DESGREZ: Dr. Höfer, do you not think it might be possible to in- 
crease the sensitivity of your method by studying the uptake of the colloid 
inthe sternum, in particular in the manubrium? In our experience, the up- 
take is greater here than in the skull and it can be observed more readily. 

R. HÖFER: I agree that there are a number of reasons why thesternum 
is probably more suitable than the head for measuring the relative bone- 
marrow uptake with out method. \Ve used the head because in this position it 
is easier to shield the counter against the relatively high activity of the 
liver. 

P.C.R. TURNER: I should like to mention some investigations with 
Fe52 that have been carried out by Dr.L.Szur at Hammersmith Hospital, 
London. In these investigations the distribution of activity along one of the 
long bones, usually of the leg, was determined by means of a coincidence- 
counting technique. Only a small number of patients have been studied but 
this includes both normal and abnormal subjects. The distributions ob- 
tained along the leg are in general agreement with those reported by 
Dr. Larsson and Dr. Kniseley. 

Apart from the fact that the supply of FeS52 is limited, the use of this 
isotope poses a number of other problems. The decay product of Fe52 is 
itself radioactive. In 95% of the disintegrations 21-min Mn52m is produced 
and in the other 5% 6-d Mn35?. The manganese concentrates in the liver so 
that the same kind of difficulty arises as with colloidal gold. 

Another difficulty is the actual production of Fe52. We have prepared 
it by ar-bombardment of Cr50. Because the abundance of Cr5Vis only 4%, the 
yield is low whilst samples are contaminated with 2. 9-yr Fe55 formed from 
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Cr52 which has an abundance of 84%. The radiation dose from Feö5 is the 
limiting factor in clinical applications. The use of enriched Cr50 would be 
useful but inconvenient and expensive. Prof.W.G. Myers has indicated that 
he has prepared Fe52 through the Cr5AHe3, 3n)FeS5?2 reaction. We should like 
to investigate this possibility since this should make it possible to obtain 
higher yields with less contamination with Fe55. 

A. DESGREZ: I should like to ask Dr. Larsson a question about his 
"normal-pattern'' patients. Were these absolutely normal persons or were 
they simply patients who were not suffering from bone disease, like the con- 
trols used by Dr. Kniseley? I am prompted to ask this by the results we 
have obtained at the Service Fr&d£ric Joliot since 1961 in various investi- 
gations carried out in conjunction with Dr. Delaloye. We have found that 
if doses of Aul%-colloid of the order of 200 ac, i.e. the quantity normally 
used for liver scintigrams, are administered to cirrhotic patients, it is 
possible, with the help of an ordinary cylindrical collimator, to visualize 
such central parts of the skeleton as the thorax, the vertebral column and 
the pelvis, which cannot be seen normally. 

We have also noticed that this uptake in bone tends to decrease as treat- 
ment proceeds. Figure 1 shows scans of a cirrhotic patient. In spite of the 
fact that the dose used was slightly less than 200 ac, you can see remark- 
ably clearly a considerable uptake by the vertebral column. 
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Fig.1 
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Abdominal and whole-body scans in a cirrhotic subject after administration of 200 uc Au!”®-colloid 


Figure 2 shows scans made almost a year following treatment of an 
ordinary case of cirrhosis. 
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Fig.2 


Abdominal and whole-body scans in a treated cirrhotic subject after administration of 200 ue Aul’®-colloid 


The uptake in bone is now considerably less and the picture is much 
closer to what one would expect from a normal person. Uptake in liveris 
correspondingly greater. The techniques used in both cases were exactly 
the same. 

L.G. LARSSON: We have not examined any completely normal sub- 
jects because of the relatively large tracer doses involved. Our controls 
are persons who are not suffering from any known bone-marrow disease; 
they are mostly patients with localized malignant tumours. 

Patients suffering from cirrhosis and other liver complaints probably 
do take up relatively more Aul% in the bone marrow than normal subjects. 
We have not, however, had any experience of this ourselves, perhaps 
because cirrhosis of the liver is much less prevalent in Sweden. 

C. PAPAVASILIOUT: I should like to present a representativecase report 
from our records in which bone-marrow scanning was extremely usefulin 
the diagnosis and subsequent treatment of a case of Cooley's disease. The 
patient, a 14-yr-old girl, entered our hospital suffering from spastic para- 
plegia of the lower extremities. Myelography was carried out and a com- 
plete block was found at T5-T6. Films of the chest and thoracic spine re- 
vealed a mass 3 cm in diam. at the level of T5-T6 that was paraspinally 
located on the right side. Bone-marrow scanning after injection of 250 uc 
of Aul%-colloid revealed considerable concentration of the radioactive ma- 
terial in this mass, showing that the shadow on the film was a mass of extra- 
medullary marrow which was causing the paraplegia. The mass was irra- 
diated with a dose of 900 rad and the paraplegia was resolved. 

B. MALAMOS: I was very interested by these papers since information 
on the bone marrow is very often needed, not only in cases of malignant 
diseases but also in haemolytic disorders. In the Mediterranean area, for 
instance, we find many congenital haemolytic anaemias with hyperactive but 
often insufficiently productive marrows. However there is the problem of 
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permissible doses. Inthe case of malignant diseases, for example, a high 
dose such as that used by Dr. Kniseley would perhaps not be harmful. In 
cases of haemolytic anaemia on the other hand it would not be permissible. 
Our physicists insist that doses of 400 -500,uc to adult subjects must not be 
exceeded. Since the doses used by Dr. Kniseley differed considerably from 
those used by Dr. Larsson, I should be interested to hear their comments 
on this. 

R. KNISELEY: As we point out in the paper, these high doses are only 
used for patients who require myelo-suppressive therapy. They do not give 
rise to any detectable haematopoietic depression. For more general usein 
patients with good prognosis one has to use lower doses. 

L.G. LARSSON: The radiation dose to the liver after an intravenous 
injection of 1 mc Aul% is about 48 rad; the dose to the bone marrow is 
of the order of 2-5 rad.. In cases of severe haemolytic disease you can 
certainly perform good bone-marrow studies with 0.1-0.2 mc Aul®,. Ido 
not think there is any cause for worry with doses of this order. 
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Abstract — Resume — Anhortauns — Resumen 


INDIRECT LYMPHOGRAPHY AND ITS IMPORTANCE IN ONCOLOGY. Indirect lymphography, which 
only requires a subcutaneous injection of colloidal gold-198 with a particle diameter of 50Ä in the tributary 
region of the lymphatic system being explored, makes possible, by scintigraphic recording, a clear represen- 
tation of the ganglionic lymphatic chains. The problems of collimation in getting optimum definition are 
discussed. 

With this method of investigaling the lymphatic system, measurement of the time of appearance of the 
gold in the blood yields indirect information regarding the rate of transit of the colloidal gold particles in the 
lymphatic vessels. Useful information is also obtained on neoplastic infiltrations of the ganglia and hence it 
is possible to determine the extent of a metastatic infiltration. Clinical examples are described. In addition, 
the authors describe a new technique for hepatic lymphography by the transcutaneous, sub-capsular injection 
of colloidal gold-198. This technique reveals the anterior and posterior mediastinal lymphatic chains. 


LA LYMPHOGRAPHIE INDIRECTE ET SON INTERET EN ONCOLOGIE. La lymphographie indirecte, qui 
ne ne&cessite qu'une injection sous- cutan&e d'or-198 colloidal dont le diametre des particules est de 50 Ä dans 
le territoire tributaire du systeme lymphatique que l'on veut explorer, permet parenregistrement scintigraphique 
une bonne mise en Evidence des chaines ganglionnaires lymphatiques. Les problemes de collimation sont 
discut&s afin d’obtenir la meilleure definition possible. 

Ce mode d'investigation du systeme lymphatique permet, lorsqu'on mesure le temps d'apparition de 
l'or dans le sang, d'obtenir indirectement des renseignements sur la vitesse du transit des particules d’or 
colloidal dans les vaisseaux lymphatiques. On obtient &galement d’utiles renseignements sur les infiltrations 
neoplastiques des ganglions et, de ce fait, il est possible de connaitre l'&tendue d'une infiltration me£tastatique, 
Des exemples cliniques sont d&crits. De plus, les auteurs d&crivent une nouvelle technique de lymphographie 
hepatique par injection sous-capsulaire d'or-198 colloidal par voie transcutanee. Cette technique permet de 
mettre en Evidence la chaine m&diastinale lymphatique ant&rieure et post&rieure. 


KOCBEHHAA IMMSOTPA®NA U EE 3HAUMEHNME B OHKOJIOTUN. Kocbennas nuMdo- 
rpadna, KoTopaa Tpe6yer nMlIb NOAKOXHOTO BBeNeHHA KONNOHNaNBHOTO 30N0Ta-198 (nnamerp 
yacruu 50 A) B COOTBETCTByMmuleM y4YacTke NMMÜbaTnyecKof CHCTeMbI, AaeT C ITOMOLIBE CUHHTH- 
rpabnyecKkof PerUCTpauuu BO3MOXHOCTB C AOCTATOYHON OYEeBUNHOCTLW BbIABAATB Nenn NNMBa- 
THYecKHX y31NoB. O6cyxAamrca npoÖneMbI KONJIMMAaIMNM B UenAX Hannyuuero onpeneneHng. 

Takof MeToA UCCcNeNOBaHuA NUMÖhAaTHyecKoN CHCTEMbI IIO3SBONAET TIPH U3MEPEeHHN BpeMeHH 
MOABJAIEHHA 30N0TA B KPOBH MONYUAaTb KOCBEHHEIM IIYyTeM CBeNeHNA O CKOPOCTH NepeHoca yYacTuu 
KOJNIONUAANBHOTO 3010Ta NO AMMKAaTHyecKuUM CocyAaM. Tak xe ÖbIMIM MONyUeHbI NONEe3SHbIe CBe- 
AeHHA O HeonNacTuyecKof HHBHUNBTPaunn y3noB, YTO AaeT IpencTaBneHMe O TIPOTAKEHHOCTH Me- 
TacTa30B. OnucbIBawWTCcHA KAMHNUecKHe cıyyuan. KpoMme Toro, aBTopbI HaWT ONNCaHne HOBOTO 
MerTona nuMmborpadun nmeyeHu NyTeM BBeleHnA KonNOHNanbBHOTO 30N0Ta-198 yepes KOXHBIÄ NIO- 
KPoB NOA Karıcyny neyenn. Takof MeToA NO3SBONAeT BbIABNATb Uenb IIMMPAaTHyecKHuX y3noB B ne 
PeiäHeM NH 3alHeM CpeAlocTeHHH. 


LA LINFOGRAFIA INDIRECTA Y SU INTERES EN ONCOLOGIA. La linfograffa indirecta, para la cual 
sölo se requiere una inyecciön subcutänea de oro-198 coloidal, cuyas partfculas tienen un diämetro de 50 A, 
en los tributarios del sistema linfätico que se quieren explorar, permite visualizar por registro centelleo- 
gräfico las cadenas ganglionares linfäticas. Los autores examinan los problemas de colimaciön a fin de obtener 


la mejor definiciön posible. 
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Esta t&cnica de investigaciön del sistema linfätico facilita indirectamente, cuando se mide el tiempo 
de apariciön del oro en la sangre, informaciones sobre la velocidad de circulaciön de las particulas de oro 
coloidal por los vasos linfäticos. Permite tambien obtener informaciones ütiles sobre las infiltraciones neo- 
plästicas de los ganglios, con lo que es posible conocer el alcance de una infiltraciön metastätica. Los autores 
presentan algunos ejemplos clinicos. Describen, ademäs, una nueva tEcnica de linfograffa hepätica por inyec- 
ciön intracapsular de oro-198 coloidal por via transcutänea. Esta tEcnica permite visualizar la cadena 
mediastinica linfätica anterior y posterior, 


L'inter&t d'une bonne mise en @vidence des ganglions lymphatiques n'est 
plus ä souligner. 

Pour ce faire, deux m&thodes de lymphographie s'offrent a nous. L'une, 
directe [1,2] n&cessite la denudation et le cath&terisme d'un petit vaisseau 
lymphatique; l'autre, indirecte, permet de suivre la migration lymphatique 
d'une substance dötermin&e, inject&e dans l'espace interstitiel [3,4]. 

La lymphographie indirecte repose sur des donn&es anatomiques et 
physiologiques qu'il semble utile de rappeler brievement. 

C'est A McCCALLUM en 1903 [5] que revient le m&rite d'avoir demontre 
qu'il n'existait pas de connexion directe entre l!espace interstitiel et les 
capillaires Iymphatiques qui doivent @tre consideres comme un espace clos; 
alors que la th&orie de VIEUSSENS [6], commun&ment admise jusque 1A, 
voulait qu'il y ait des vasa serosa entre la circulation sanguine et le sys- 
teme lymphatique. Par la suite les travaux de LEWIS [7], DRINKER ea, 
[8], EPPINGER [9], ZHDANOV |l10|, ont pr&cis® que le röle essentiel des 
lymphatiques reside dans le transport des proteines de l'espace interstitiel. 

La vitesse de ce transport varie suivant l!’endroit considere; en effet, 
au niveau de la cavite p£@riton£&ale il se fait beaucoup plus rapidement qu'au 
niveau de la peau, de la plövre ou des poumons [11]. Mais la mobilisation, 
les mouvements actifs peuvent augmenter le debit de la lymphe [12], tout 
comme l'hypox&mie [13]. 

Par ailleurs, les capillaires lymphatiques ont une paroi discontinue, 
sans membrane basale, pourvue de pores qui permettent un passage tres 
aise du liquide interstitiel dans les voies lymphatiques, POLICARD [14], 

Sur le parcours de ces vaisseaux lymphatiques se trouvent group&s des 
ganglions form&s de follicules, qui baignent dans la lymphe. Les cellules 
littorales des sinus sont dou&es de phagocytose et peuvent se lib&rer du 
ganglion pour &migrer dans le systeme sanguin et atteindre tant le foie que 
la rate par exemple [14]. 

En cons@quence, il ressort que pour obtenir une mise en övidence des 
ganglions lymphatiques, il faut deposer dans l'!espace interstitiel du terri- 
toire que l'!on veut explorer, des particules dont le diam£tre &quatorial est 
proche de celui des albumines, c'est-A-dire 36 Ä. Ces particules en sus- 
pension colloidale, franchissent les pores des capillaires lymphatiques et 
migrent avec la lymphe. Puis elles sont phagocytees dans les ganglions par 
les cellules littorales du syst&me r&ticulo-endoth&lial [15-16]. Ce phöno- 
mene se r&pete de ganglions en ganglions sur la chaine envisag&ee. Les 
fluides, les lipides et les proteines circulent pour leur part sans &tre retenus 
dans les ganglions, jusqu'ä l'’abouchement des lymphatiques dans le courant 
sanguin. 
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Pour r@aliser une telle lymphographie, ä la suite d'autres auteurs [17, 
19.19, 20), 2, 22], mans injectons par voie sous cutan&e, dans une zone tri- 
butaire du territoirelymphatique ä explorer, sous un petit volume (0,2 ä 0,4 ml) 
et sous une faible pression, une suspension de particules d'or 198 colloidal 
dont le diametre &quatorial se situe entre 20 et 60 Ä (Saclay - France). 
L'activite a injecter varie suivant les rögions A explorer, de 50 uc ä 100 ou 
200 uc. L'or utilise ayant une haute activit& specifique, il est dilu& dans de 
la xylocaine ä 2% pour &@viter que l'injection soit douloureuse. Apres l'injec- 
tion on procede a un leger massage local ou A une mobilisation active, quand 
elle est possible. Cet examen &tant gen&ralement pratiqu& chez des malades 
atteints de cancer, nous n'utilisons jamais de hyaluronidase ou de strepto- 
kinase pour favoriser la migration du colloide en raison du danger de dis- 
semination tumorale possible. 

L'enregistrement de la lymphographie se fait A l'!aide d'un scintigraphe 
type MECASERTO, qui a un detecteur prot&ege par une masse de 70 kg de 
plomb, l'angle de vision &tant d&fini par un collimateur focalise de type 
«Honey Cone» ä 19 canaux, dont le foyer se trouve ä 22 cm du cristal. Apres 
bien des essais in vivo avec d'autres types de collimateurs, tels que les 
cylindriques de 18 ou de 21 mm de diametre, nous avons choisi le systeme 
focalise. 

De facon usuelle, nous utilisons une vitesse de balayage de 460 mm/min, 
avec un espacement de 2,5 mm. 

Une fois l'injection faite, il faut attendre un certain temps pour que la 
chaine ganglionnaire ait capte le colloide. Pour la Ilymphographie hepatique 
on peut commencer l'enregistrement apres 2 ou 4 h, l'!optimum se situant 
vers 6 h, on voit alors apparaftre le plus souvent la chane ganglionnaire 
thoracique anterieure. Pour la lymphographie mammaire et jugulaire, ce 
delai est de 6 A 12 h, alors que nous l'avons trouv& de 12 a 24 h pour les 
lymphographies p&ripheriques des membres. Des enregistrements realises 
ä intervalles repetes permettent de suivre la migration de l'or colloidal le 
long du chemin Iymphatique. 

Nous avons proc&d& & plus de 211 enregistrements de lymphographies 
qui interessent les territoires suivants: 


les membres sup£@rieurs : 2cas 
les membres inferieurs : 55 cas 
la chaine jugulaire ) 4 cas 
la capsule du foie ı 46 cas 
la capsule splenique cash 


Nous allons examiner tout d'abord les lymphographies peripheriques des 
membres inferieurs que nous avons class@es en quatre groupes: 

1. Dans ce premier groupe, nous avons class&@ les enregistrements qui 
presentaient une bonne mise en @vidence des ganglions inguinaux, iliaques 
externes et para-aortiques des deux cötes (fig.1). 

Nous trouvons ici 10 malades dont 8 pouvaient @tre consideres comme 
normaux, bien que l!un pr&sentait un amartome du foie et l'autre une mono- 
nucl&ose infectieuse. Le neuvieme avait une cirrhose alors que le dixieme 
&tait suspect d'un cancer ä& la suite de presence de cellules atypiques dans 


le sang. 
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Figure 1 


Lymphographie normale des membres inf£rieurs. 


2. Dans le deuxieme groupe, nous avons reparti les Iymphographies qui 
presentaient une zone muette au niveau de l!une des chafnes iliaques externes 
(fig.2). 

Parmi ces 23 sujets nous relevons 9 cas de tumeurs, cancers du col 
de l!uterus, du vagin, de la prostate, du sein, 1 m&lanome du talon, dont 6 
presentaient des metastases abdominales. Nous retrouvons encore dans ce 
groupe 1 cas de Hodgkin, 3 &tats febriles, 4 pancreatites dont 2 etaient chro- 
niques, 1 sclerose vasculaire et 5 cirrhoses. 

3. Le troisieme groupe interesse des lymphographies qui presentaient une 
migration moins satisfaisante encore avec un stop au niveau des chafnes 
para-aortiques (fig.3). 

Sur 16 malades, nous trouvons 9 cas de cancers dont 5 presentaient des 
metastases para-aortiques, 1 maladie de Hodgkin pour laquelle le diagnostic 
a ete pos® sur biopsie inguinale, 1 &tat febrile, 1 leuc&mie lymphoide, 
2 cirrhoses, 1 angine et 1 pancr£&atite aigue. 

4. Le quatrieme groupe comprend tous les cas ol nous avons observ& une 
migration quasiment nulle du colloide. 

Sur 6 cas, nous avons 4 malades atteints de cancer dont 3 pr&sentaient 
de larges infiltrations ganglionnaires iliaques et para-aortiques, 1 pancrea- 
tite chronique et 1 insuffisance cardiaque avec presence d'oedemes impor- 
tants aux membres inferieurs. 

Les quatre Ilymphographies des membres sup@rieurs que nous avons 
pratiqu&es le furent chez 2 malades atteints de cancer. L'un pr&sentait une 
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Figure 2 


Lymphographie des membres inf&rieurs avec lacune iliaque externe gauche. 


Figure 3 


Lymphographie des membres inferieurs sans mise en Evidence 
des ganglions para-aortiques, 
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masse tumorale m&diastinale, avec compression de la veine cave superieure; 
dans cecasnousavons constat& une tr£&s faible mise en evidence des ganglions 
axillaires des deux cöt&s. L'autre malade &tait atteint d'un Epithelioma tra- 
beculaire de la bronche souche droite avec metastase axillaire externe droite, 
nous avons pu verifier que la m&tastase ne fixait pas le colloide alors qu'un 
paquet ganglionnaire &tait bien visible au niveau de la face interne du creux 
axillaire (fig.4). 


Figure 4 


Lymphographie des membres sup£rieurs 
(explication dans le texte), 


Les lymphographie de la chaine jugulaire, enregistrees au scintigraphe 
apres une double injection sous muqueuse A chaque extr&mit& de la levre 
inferieure, ont permis dans un cas de maladie de Hodgkin, de montrer qu'a- 
pres &videment jugulaire droit l!on avait oublie un ganglion alors qu'& gauche 
on constatait une faible migration du colloide (fig.5 (a et 5b)). 

Nous avons par ailleurs proc&d& ä 92 enregistrements de lymphographie 
hepatique isotopique, chez 46 malades gräce ä une technique personnelle 
prec&demment decrite [22,23], permettant par voie transthoracique, une 
injection intracapsulaire au niveau de la face sup&rieure du foie droit. 
l. Chez 11 malades, nous avons obtenu 28 bons enregistrements (fig. 6), 
avec mise en @vidence de la chaine thoracique ant@rieure jusqu'au confluent 
jJugulo-sous-clavier droit. Parmi ces cas, nous voyons un cancer de la 
prostate avec metastase me&diastinale et une tumeur de la bronche souche 
droite, les autres sujets peuvent &tre consider&s comme normaux. 
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Figure 5.a) 


Lymphographie de la chaine jugulaire apr&s &videment 
(explication dans le texte), 


Figure 5. b) 


Lymphographie normale de la chafne jugulaire. 


2. Chez 10 malades, nous avons obtenu une tres faible migration du colloide 
dans la capsule sans migration thoracique. 

Les differentes affections qui se r@partissent dans ce groupe interessent 
une lymphangite thoracique carcinomateure, un cancer bronchique affectant 
la lobaire inferieure droite, un cas suspect de Hodgkin abdominal, trois 
cirrhoses et une maladie de Besnier Boeck Schaumann. 

3. Dans le troisieme groupe qui comprend 8 malades, nous n'avons pas 


constat& de migration du colloide, m@me apres 97 h, seul le point d'injection 


apparaissait ä l!’enregistrement scintigraphique. Parmi ces malades nous 
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Figure 6 


Lymphographie h&patique capsulaire avec migration du colloide 
jusqu'au confluent jugulo sous-clavier droit. 


relevons la pr&sence d'un cancer du pancr&as avec metastases multiples, 
un cancer de l'estomac, trois cirrhoses, une h&patite, un diab£te et une 
bronchopneumonie. 

Chez 18 malades, nos lymphographies h&patiques &taient interpr&tables 
car la technique que nous avons utilisee au debut de nos investigations.n'&tait 
pas satisfaisante. 

Par ailleurs, dans 5 cas l'injection a &t& pratiqu&e dans la cavit& pleu- 
rale, dans 5 autres cas l'activit@ inject@e &tait insuffisante et dans 1 cas le 
colloide s'est r&pandu dans la cavite p£@riton&ale. 

Il convient maintenant de tenterunecritique deces resultats. ZEIDMANN 
[24] a montr& que les cellules canc&reuses &taient arr&t&es dans le sinus 
marginal des ganglions, et ce fait a &t& confirm& experimentalement sur 
l'animal par le travail de TJERNBERG [25] qui a r&v&l& que 5 j apres la 
greffe d'une tumeur V X 2 on constatait une hyperplasie des ganglions lym- 
phatiques qui coincidait avec une apparition de follicules pseudo-secondaires. 
D'autre part, les autoradiographies des ganglions apres injection d'or col- 
loidal, montrent que lorsqu' ils sont me£tastatiques, ils ne fixent pas l'or. 
Les ganglions de voisinage, m&me sains, ne fixent pas davantage parfois le 
colloide, la circulation Iymphatique subissant & leurs niveaux des modifi- 
cations qui sont encore mal connues . 

Il serait ainsi logique de penser que l'!on ne devrait rencontrer de stop 
ou de zones muettes lors d'une lymphographie isotopique que chez les mala- 
des atteints de neoplasies ou d'hemopathies malignes. 

Toutefois dans un certain nombre d'affections telles que les cirrhoses, 
les pancreatites, certains &tats febriles, nous trouvons des lymphographies 
isotopiques pathologiques. De plus d'autres auteurs, parmi lesquels nous 
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citerons GEST [21], ont compare& les r&sultats de la lymphographie directe 
radiologique avec ceux de la Ilymphographie indirecte isotopique, et ils ont 
constat® qu'une absence de fixation ganglionnaire d'or colloidal ne coincidait 
pas toujours avec un processus neoplasique, remargue que nous avons egale- 
ment faite. 

Il est possible d'envisager plusieurs hypotheses pour expliquer l!absence 
de migration dans les cas qui ne pr&sentent pas d'infiltration mötastatique, 
on pourrait invoquer soit la presence de microembolies carcinomateuses, 
ce qui n'est pas vraisemblable d'ailleurs A la lumi£re des rösultats de la 
lymphographie directe radiologique; soit une action du type toxinique qui 
inhiberait l!’activite phagocytaire des cellules du SRE au sein des ganglions 
tributaires de l'!organe touch&@ par une tumeur. Dans les affections non tu- 
morales, l!absence de migration est encore plus difficile A justifier, et la 
seule explication demeure du domaine des hypotheses. Il serait en effet 
possible d'invoquer soit une r@action inflammatoire qui, en modifiant le 
milieu, emp£cherait tant le phenomene de phagocytose que celui de pinocyto- 
se de se produire, soit une inhibition purement fonctionnelle de l'activite 
phagocytaire. 

Ces quelques observations montrent les limites de la lymphographie 
indirecte isotopique. En tant que moyen d'investigation ne perturbant pas 
la circulation lymphatique, elle nous donne des renseignements d'ordre 
physiologique sur la capacit@ phagocytaire des ganglions. A ce titre, elle 
pr&sente un grand inter&t qui meErite une &tude portant sur un tr&s grand 
nombre de cas atteints d'affections tumorales ou d'autres maladies. 

En oncologie, elle ne donne pas les m&mes renseignements que la lym- 
phographie directe radiologique. Mais il convient de rappeler ici que les 
lymphographies radiologiques sont loin d'&tre d'une interpretation toujours 
facile. En effet, TIJERNBERG [25] pense que le lymphad&nogramme est 
encore la meilleure technique que nous pouvons utiliser pour faire un veri- 
table diagnostic differentiel entre cancer et infection, a moins que l'onpuisse 
aisement proc&der ä plusieurs lymphographies directes. 

Nous croyons que l'utilit de la lymphographie isotopique se trouve re- 
sume&e dans les trois indications suivantes: 

1. L'exploration d'une chafne lymphatique inaccessible a la lymphographie 
direceie, 

2. Pour mettre en @vidence un curage ganglionnaire incomplet. 

3, La derni£re indication est l'application therapeutique de doses &lev&es 

en oncologie, ainsi que plusieurs auteurs l!ont preconise& [26-31]. 
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DISCUSSION 


A. BAPTISTA: I am a little sceptical as to whether it is possible to use 
the method described for therapeutic purposes. It has been shown by auto- 
radiography that colloids collect peripherally around nodes with metastases. 
It is difficult to see how the high doses required could be delivered to the 
metastases themselves. 

B. DELALOYE: Therapeutic applications come last in the list givenin 
our paper because there is little point in trying to utilize endolymphatic 
therapy with isotopes in the case of metastases. Nevertheless, although I 
have no direct experience of this problem, I think that this method could be 
used in specific cases, e.g. for reticulosarcomas, where it would be pos- 
sible to fill the sinuses using I131-Lipiodol. 
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Abstract — Resume — AnnoTauns — Resumen 


DIAGNOSIS OF INTRASPINAL NEUROLOGICAL SYNDROMES BY MYELOSCINTIGRAM. Thirty-eight 
patients presenting signs of intraspinal neurological syndromes were examined by myeloscintigram at the Greek 
Anticancer Institute ("Agios Savvas” Hospital). They were suffering from intervertebral disc protrusions, 
tumours, congenital and inflammatory lesions. Most of them were studied with myelograms as well and the 
relative advantages of the two methods were discussed. The findings of the myeloscintigram consisted either 
in decrease or increase of radioactivity locally, depending on the different types of lesions. Provided a careful 
and detailed examination is done the myeloscintigram may, in a large proportion of cases, prove considerably 
helpful in the diagnosis of intraspinal lesions. 


DIAGNOSTIC PAR MYELOSCINTIGRAMME DES SYNDROMES NEUROLOGIQUES INTRASPINAUX. A 
I'Institut anticanc&reux hellenique (höpital «Agios Savvas >), 38 patients presentant des syndromes neurologi- 
ques intraspinaux ont Et€ examine&s par mye&loscintigramme. Ils souffraient de protrusions de disques inter- 
vertebraux, de tumeurs, de l&sions cong£nitales et de l&sions inflammatoires. La plupart d'entre eux ont 
ErE examinds Egalement au moyen de my&logrammes et on a compar& lesavantagesrespectifs des deux m&thodes. 
Les r&sultats obtenus par le my&loscintigramme consistaient en d&croissements ou accroissements locaux de la 
radioactivite, selon les divers types de l&sions. Dans une forte proportion de cas, le my&loscintigramme peut 
rendre de tr&s grands services pour le diagnostic des l&sions intraspinales, a condition que l'on proc£de A un 
examen Minutieux et d£taille. 


AMATHO3 CHMUHHOMO3STOBOTO HEBPAJITHYUECKOTO CHHAIPOMA C TTOMOUBP 
CUHHTUTPAMMbI CHMHHOTO MOSTA. MHoccnenoBannch 38 mauMeHTOB C IIPH3HaKaMH CIIHHHO- 
MO3STOBOTO HEBPAalTNUYEeCKOTO CHHAPOMA METOAOM CUMHTHUTPAMMEI CHHHHOTO MosTa B ['peuecKkoM 
TPOTUBOPaKoBoM HUHcTurtyre (Tocnurans "Arnoc CasBac"). Bonpuble cTpanann OT BbIÖyxannaı 
MEXTIO3SBOHOYHOTO AHUCKAa, ONyXonefi, BPOKACHHBIX U BOCMANHTENBHEIX NOpaxeHnf. BONBUHHCTBO 
mauMeHTOoB 6blNO TaKxe HUCCNEeNOBAHO METOAOM KAIETOYHOÄ KAapTHHbI KOCTHOTO MOSTa, U ÖbIIM 06- 
CYy’xKAeHbI CPaBHUTENBHLbIE IPeuMyWecTBa 060HX MeTonoB. ITlokasaHua CUMHTUTPaAMMbI CHNUHHOTO 
MOSTA CBUNETENBCTBOBANNH 1460 O NOHNKEHHH. NMU6O 06 YyBeNHUeHHH NQKAaNbBHONÄ PANHOAKTHBHOCTU, 
saBucameh OT PasnuYHbIX TUNOB NOpaxeHHuA. IIpH ycnoBHM TMATeNBHOTO U NOAPO6HOTO Hccne- 
AOBAaHHA CLHHTMTPAMMA CHMUHHOTO MO3TA MOXET B ÖONbLINHCTBE CAyYUaeB OKa3aTbcA BecbMa NO- 
ne3aHoA B onpeneneHuNM AMarHo3a mopaxeHHÄ CIMHHOTO MoSra, 


DIAGNÖSTICO DE SINDROMES NEUROLÖGICOS INTRAESPINALES POR MIELOCENTELLEOGRAFTA. En el 
Instituto griego de lucha contra el cäncer (Hospital «Agios Savvas>>) se han examinado por mielocentelleo- 
graffa 38 pacientes que presentaban indicios de sindromes neurolögicos intraespinales. Sufrfan protusiones de 
discos intervertebrales, tumores y lesiones cong£nitas e inflamatorias. La mayor parte de los casos se estudiaron 
tambien con ayuda de mielogramas, y se analizaron las ventajas relativas de ambos me&todos. La mielocen- 
telleografia permite observar una disminuciön o un aumento local de la radiactividad, segün los diferentes 
tipos de lesiones. Siempre que se examine detallada y cuidadosamente, el mielocentelleograma puede en 
gran nümero de casos, resultar de considerable utilidad para el diagnöstico de lesiones intraespinales. 


Symptoms and sıgns of intraspinal neurological syndromes are frequent- 
ly inadequate for correct diagnosis and localization. Since even CSF (cere- 
bral-spinal fluid) examiration and plaın roentgenograms often do not solve 
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the diagnostic problems, myelography using various oily substances has 
become an indispensable diagnostic tool. Along the same lines as myelo- 
graphy (the introduction into the spinal canal of a substance whose distri- 
bution can be followed from outside), the myeloscintigram was introduced 
in 1956 by BAUER and YUHL [1] using RISA, a radioiodinated human serum 
albumin, and following its course along the spinal canal with a scanner. This 
substance, after its introduction into the lumbar sac, usually diffuses easily 
into the subarachnoid space and demonstrates on the myeloscintigram an 
area of increased dot density corresponding to the greater concentration of 
the radioactivity, while along the sides of this column the dot density islower 
because of the gradual diminution of the radioactivity (Figs.1 and 2). 


Fig.1 Fig. 2 


Normal myelogram Normal myelogram 


This normal column of increased radioactivity is usually better demon- 
strated at the lumbar canal area, where the spinal canal has its maximum 
width. 


Alterations in the above described pattern are of significance in various 
lesions and can be demonstrated in two different and distinct ways: (a) com- 
plete or incomplete block or narrowing of the spinal canal because of aspace- 
occupying lesion or adhesions that interrupt circulation into the subarachnoid 
space, thus showing a decrease of the recorded activity at the site of the 
lesion; (b) increase of the recorded activity at the site of the lesion suggest- 
ing absorption of the RISA by abnormal tissues. 


The latter manner of demonstration is the chief distinctive feature of 
the myeloscintigram which has not been, to our knowledge, investigated in 
the few similar works that have been previously published. 
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Though the RISA may well diffuse into the subarachnoid space, at times 
it does not, and in such cases tilting of the patient's head downwards is ad- 
visable as well as repeated withdrawals of the injected fluid for better mixing 
with the cerebral-spinal fluid (CSF) in order to avoid the demonstration of 
artefacts. 

According to PERRYMAN et al.[2], within 24 h 40-50% of the RISA 
leaves the CSF. Most of the Il31 will remain bound to the protein, while 
5% will be picked up by the thyroid, if this gland is not already blocked. 

No toxic side effects were noted, except the usual mild complaints that 
frequently follow any lumbar tap. 

Among other reasons the method has been tried as an attempt to avoid 
the disadvantages of oil myelography, in which a radio-opaque medium is 
introduced into the spinal canal. This is the preferred method; however it 
is not so easy to withdraw the medium after the examination, and this in 
some circumstances has been considered the cause of various inflammatory 
reactions. 

It has also to be kept in mind that routine myelography does not always 
demonstrate an existing lesion, and the oil at times disperses into small 
bubbles thus making findings unreliable while an accidental extradural in- 
jection of it, in contrast with RISA, may alter findings if the examination 
is to be repeated. And last, but not least, neither the patient nor the per- 
sonnel is exposed to as much radiation during the recording of a myelo- 
scintigram as during myelography under careful fluoroscopic observation 
and when many roentgenograms are taken. 

On the other hand, myelographr can be more easily performed at almost 
any hospital with an X-ray department, and is relatively cheap while myelo- 
scintigrams can only be done in hospitals with advanced radioisotope equip- 
ment and with a radioactive substance of relative short life that results in 
high costs or shortages of supply. 

Regardless of the above considerations for or against the method its 
real value has rather to be evaluated from its results on clinical grounds, 
and this will be done during the discussion that follows the description of 
the technical details of the method and the summaries of the case histories 
of the 38 patients studied. These suffered from disc protrusions, tumours, 
myelitis, arachnoiditis, tuberculosis or congenital anomalies causing a 
variety of neurological syndromes of spinal origin. 


TECHNIQUE 


In order to protect the thyroid gland of the patient from absorption of 
1131, either 20-30 drops of Lugol's solution were given for 1d prior to the 
examination or an intravenous or intramuscular injection of sodium iodide 
was given the same day of the examination. 

The RISA in a quantity of 300-350 uc was injected through a regular 
spinal needle into the lumbar subarachnoid space, usually at the L3-L, level, 
after mixing with CSF withdrawn at the same time into a 5-ml syringe. For 
even better mixing 2-3 withdrawals and re-injections of CSF mixed with RISA 


were made. 
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The spinal tap was done with the patient lying on his side and we soon 
discovered from personal experience, that tilting of the patient for several 
minutes was advisable as BELL and HERTCH [3] also recommend and for 
which an automatic tilt table would have been an advantage. 

The scanning was always done in the prone position and usually after 
20-30 min. Whenever possible we verified the location of the injection by 
anterio-posterior roentgenograms. 

The time of the actual recording depended onthe findings during the scan- 
ning. For lumbar area lesions approximately 30 min was necessary, and 
upper thoracic or cervical lesions needed up to 70 min for recording of the 
whole spine from the lumbar region upwards. 


SCANNER 


In this study we used a Nucor Mediscanner Model C4004C. This Medi- 
scanner includes a highly directional focusing scintillation detector, a motor- 
driven scanning and recording system, and a highly superior pulse height 
analyser. 

The scintillation counter HSA500A includes: 

(1) A thallium-activated sodium iodide crystal of 2X2-in diam. 
(2) A photomultiplier tube associated with the circuitry of the pulse height 
analyser and with the print-out circuit to produce printing pulses. 

The crystal is heavily shielded by lead and provides maximum direction- 
al sensitivity with minimum sensitivity to background. 

_ The focusing collimator has a honeycomb series of 18 openings, which 
exposesthe face ofcrystaltoradiationfrom a small focal point of radioactivity. 

The circuit of the single channel analyser contains two discriminators, 
a lower and an upper one. The lower discriminator level can be varied from 
0-100 V and the upper discriminator is biased 0-10 V above the lower dis- 
criminator. We set the lower discriminator level at 21 V and the upper one 
at 2.5 V (channel width). The high voltage setting used was 910 V. 

The amplifier gain was set at 8 times. A scaling factor of four was 
used. 

The speed of the scintillation detector was 24 cm/min. This is the 
maximum speed of our scanner. 

During scanning of the spinal canal, the count-rate at various places 
along its course from the lumbar to the cervical spine was also recorded 
manually on the paper. 

The optimal distance from the collimator to the radioactive source is 
» cm. In order to keep this distance as stable as possible, taking into con- 
sideration the normal curvature of the back of the patient, we had manually 
to move the collimator up or down. 


CASES 


1, (H.C., male, age 36) 


History for the past year of lower back pains radiating to both lower 
extremities with weakness of peroneal groups bilaterally. On examination 
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there was also hypoaesthesia in the distribution of L4-L; bilaterally. Plain 
X-ray plates showed diminution of the space between L4-L5. A ciscolipiodol 
myelogram showed a block at the L3-L4 area (Fig. 3), and the myeloscinti- 


Fig. 3 


Case 1. Myelogram showing block at the L, -L, level. 


gram showed diminution of the recorded radioactivity of the level of La 
(Fig.4). During surgical exploration, a protruding mid-line disc was found 
atthe L3-La4 interspace. In this case there was thus a complete agreement 
between clinical and laboratory findings including the myeloscintigram. 


2. (E.V., female, age 24) 


History of mild back pains for the past 2 yr without neurological findings. 
Plain roentgenograms showed narrowing of the L4-Ls interspace. The 
myelogram was not done and the myeloscintigram was normal. At operation 
a disc was found protruding to the right at the L4-Ls interspace. In this 
mild case of lumbar disc protrusion the myeloscintigram was negative. 


30 (571, male, age265) 


Mild symptoms of right sciatica with a right Lasseque sign only. Myelo- 
scintigram was normal. No myelogram or operation was performed. 


4. (E.P., male, age 29) 
A lumbar disc was between L4-Ls with only a Lasseque sign and normal 


roentgenogram. The myelogram clearly demonstrated the lesion, while the 
myeloscintigram showed an area of decreased radioactivity of the same 
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Fig.4 


Case 1. Myeloscintigram showing partial block at the L, level 


level, but this latter finding has not been considered adequate per se 
to warrant an exploration. 


© 


(G.T., male, age 42) 


A case of surgically proven post-traumatic disc protrusion at the L4-Ls 
level. Myelogram was not done. The patient had back pains and the myelo- 
scintigram was abnormal with decreased radioactivity in a wide area, but 
the findings were not of a pathognomonic nature. 


6. (S.Z., male, age 34) 


Case of a surgically proven right disc protrusion of the Tja -Tıı area 
and right Lasseque sign with minimal hypoaesthesia, the myelogram showed 
the lesion and the myeloscintigram was normal. 


Il GaNeeEmalessager36) 

With minimal clinical signs the myeloscintigram was normal. Myelo- 
gram was not done and plain roentgenogram showed narrowing of the L4-Ls 
interspace. 

8. (G.S., male, Age 42) 
Intermittent clinical symptomatology due to a disc protrusion at the 


L4-Ls level with minimal signs of hypoaesthesia. Both the myelogram and 
the myeloscintigram were inconclusive. Surgery was not performed. 


16* 
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9. A(A.D., female, age 33) and 10. (A.A., male, age 41) 


Cases of surgically proven lumbar disc protrusions with positive myelo- 
gram had inconclusive myeloscintigram, probably due to inadequate distri- 
bution and circulation of the RISA. No tilting of the patient was done at this 
time. 


PR GFBRI, female) 


Primary carcinoma of nasopharynx and early signs of spinal cord in- 
volvement progressing to right-sided weakness. On myelography there was 
a retention of Discolipiodol at the C7-Tı level, and the myeloscintigram 
showed evidence of diminution of radioactivity at the C,-T; level. 


12. (V.S., male, age 65) 


Metastatic carcinoma to the lumbar region with destruction of L, ver- 
tebra with back pains, loss of ankle reflexes and diminution of right patelar 
reflex. Myelogram showed block at the L4-Ls level and myeloscintigram 
showed block of the radioactivity below L3 level. Palliative surgery was 
performed. 


13. (A.Z., male, age 58) 


A gross extradural haemangioma or lymphangioma found during oper- 
ation at the L,-L, level. The patient had paraparesis, the myelogram 
showed block at the Lo -Lz3 level (Fig.5), and the rmyeloscintigram showed 
a block at the La level (Fig.6). 


Fig. 5 


Case 13. Myelogram showing block at the L,-L3 level 
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Fig.6 


Case 13. Myeloscintigram showing block at the L, level 


‚14. (C.S., male, age 23) 


Signs of right hemiparesis due to a neurinoma of the cervical area be- 
low the C3 level. Myelogram done after the introduction of Discolipiodol 
in the cisterna magna showed the upper limit of the block to be at the Ca -C> 
level. Onthe other hand RISA introduced from the lumbar area showed 
a block at the C,; level from below, and this level should be considered ap- 
proximately the lower end of the lesion or even somewhat lower. 


15. (X.D., male, age 39) 


Bilateral pyramidalsigns of the lower extremities and hypoaesthesia 
up to the umbilicus level. Lipiodol myelography showed a complete block 
at the Tın level, and myeloscintigram showed a diminution of the recorded 
radioactivity from L]-La and a complete block at the Tıa level. An intra- 
meningial melanoma was found at the Tg -T},, level. 


16. (P.C., female, age 26) 


Paraplegia and a sensory level at the umbilicus level. Myelogram 
showed filling abnormalities from the Tja-T,ı area, with a complete block 
atthe Tıı level (Fig.7). The myeloscintigram showed increase of recorded 
radioaetivity apparently due to increased absorption from the tumour at the 
Tıı-La level (Fig.8). During operation an extensive glioma was found at 
the T,,-L, area. 
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Fig.7 


Case 16. Myelogram showing block at the T ,, level 


Fig. 8 


Case 16. Myeloscintigram showing evidence of increased absorption of RISA at the T ,,-L, level 
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17. (T,L., female, age 38) 


Mild pyramidal signs of the lower extremities due to an haemangioma 
on the dura at the T,-T; area. Lumbar myelogram showed a block at the 
Tg, the myeloscintigram showing it at the Tı, area. 


18. (S.D., female, age 39) 

Weakness and atrophy of right leg. Myelogram showed a block at the 
La-L3 level, and the myeloscintigram showed a block at the Tg-Tıı level. 
An extradural tumour was found at the La -L4 level. 

19. (T.M., male, age 38) 
Flaccid paraplegia and losses of urine and faeces from 20 days with 


xanthochromic CSF. On myelogram an incomplete block was found at the 
L3 upto T,ı area as well as narrowing of the spinal canal above the Tjo 


Fig.9 


„Case 19. Myelogram showing incomplete block from L,-T,, and Tjy -Tz 


vertebra extending at least for another 2 vertebrae (Fig.9). Myeloscinti- 
gram showed an area of increased selective absorption between Lo-T,, and 
another between the Tog-Tg area (Fig.10). 


During operation only the lower area of the spine was opened between 
Tıjo-La2 and an ill-defined intramedullary glioma was partially removed. No 
exploration was done between Tg-Tıon where the tumour was possibly 
extending. 
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--—- — NORMAL CASE 
«eo... ABNORMAL CASE 


L2 L T2 Te To Tg Tg 
VERTEBRAE 


Fig. 10 


Case 19. Curves made from recording the counting rate in the myeloscintigram 
showing the distribution of RISA 


20. (F.T., female, age 71) 


Case of intrameningial tuberculomas at the Tg level. A relationship 
was found between clinical signs of the paraplegia and the myeloscintigram 
and myelogram with signs of block at the same level. The case was also 
proven histologically. 


21. (A.P., female, age 43) 


Suffering from syringomyelia and signs of paresis of the upper extremi- 
ties primarily and sensory dissociation. Myelogram showed areas of ab- 
normal retention of Discolipiodol at the cervical and thoracic area. Myelo- 
scintigram showed decreased radioactivity at the cervical area. 


22. (A.G., female, age 50) 


Pyramidal signs of lower extremities, more so on the left and sensi- 
tivity diminution at the L4 area. Myelogram showed a narrowing of the 
spinal canal above the La; level and the myeloscintigram showed increase 
of the recorded radioactivity of the L;3 level. At operation diastematomyelia 
was found at the same level. 


23. (A.Z., female, age 50) 


With clinical and surgical findings of arachnoiditis and two myelograms 
done during her two admissions, only the second of which was abnormal, with 
evidences of abnormal retention of the Discolipiodol. The first myeloseinti- 
gram was done without tilting of the patient towards the head and evidence 
of decrease .of the recorded radioactivity was found above the Tg level. 
During the second myeloscintigram done after considerable tilting of the 
patient, repeated withdrawals of the RISA mixed with CSF and reinjections, 
the myeloscintigram proved normal although at this latter adınission the 
symptoms of the patient were more marked. Comment: differen«es of tech- 
nique lead to different results. 
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24, (Ta, male, ager58) 
Had a fracture of the Tıı 5 yr previously. Eight months previously 


weakness of the lower extremities with pyramidal signs bilaterally and de- 
struction of the Tıı with CSF protein of 1 g and 2 cells. Myelogram 


Fig.11 


Case 24. Myelogram showing block at the T,, level 


showed a complete block at the Tıı (Fig. 11). Myeloscintigram showed de- 
creased recorded radioactivity above the L, and a complete block at the Tıı 
(Fig. 12). 


25. (I.A., female, age 55) 


There was an absence of radioactivity locally. Arachnoiditis was found 
during an operation at the cervical and thoracic area done one year prior. 
to the myeloscintigram. This result was interpreted as probably due to 
post-operative adhesions. 


26. (A.G., male, age 36) 


In another case of arachnoiditis surgically proven at the lower thoracic 
area both themyelogram and the myeloscintigram showed it to be at the same 
level at Tıı although the myelogram revealed that it was an incomplete one. 


27. (S.S., male, age 36) 


In this last case of surgically proved leptomeningitis both the myelogram 
and the myeloscintigram showed abnormalities of circulation of the record- 
ing materials at the same lumbar area, resulting in areas of decreased and 
increased density of recorded activity at the myeloscintigram and areas of 
retention of Lipiodol at different spots. 
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Fig.12 


Case 24. Myeloscintigram showing block at the T,, level 


28. (M.M. female, age 58), 29. (KK., male, age 17), 30.0(D-A., male, 
age 51), 31. (G.K., male, age 53) 


These were cases of chronic myelitis of undetermined aetiology where 
the myeloscintigram was normal. 


SZ ING. male,jrages53) 


Clinically a diagnosis of myelitis was made, the myelogram was narmal], 
and the myeloscintigram showed a block probably caused by inadequate tech- 
nique (no tilting was carried out). 


33, (M.R., female, age 47) 


A case of suspected tumour (no operation was accepted by the patient) 
where both the clinical and laboratory findings of the myelogram and myelo- 
scintigram were in agreement that a block was presented in the Tı, level. 


34. (D.P., female, age 40) and 35. (A.K., mäle, age 36) 


Probable diagnosis of myelitis and intercostal neuralgia respectively; 
the myeloscintigram proved to be normal only after adequate tilting of the 
‘patient. 
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TABLE I 


PROTRUDED INTERVERTEBRAL DISCS 


| 
en; 
10 


Case 


Incomplete block, 
wide area 


Disc L,-L, (surg.) 


Disc suspect L,-L, 
Conservative treatment 


Ber Narrowing of column Mid-line disc L,-L, (surg.) 


36. (P.P., male, age 70) 


Disc suspect L,-L, 
Conservative treatment 


Mid-line large disc 
L4-L; (surg.) 


A diagnosis of metastatic carcinoma at the Tg was made and the patient 
had paraplegia. The myeloscintigram was normal, and no myelogram was 
done. 


37. (D.K., male, age 35) and 38. (A.T., male, age 68) 
In these cases of sciatica and probable disc protrusion at the cervical 


area respectively no positive conclusions from the myeloscintigrams were 
possible probably because of technical errors. 


DISCUSSION 


In the present study ten cases of lumbar disc protrusions were presented, 
eight of which were surgically treated. 
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TABLE II 


TUMOURS AND CONGENITAL LESIONS 


Myelography 


Incomplete block C, -T, 


Myeloscintigram Findings 


Metastatic carcinoma 
cervical, no operation 


Incomplete block 


Metastatic carcinoma 
(palliative surg.) 


Block L4 = #5 


Haemangioma or 


13 Block L,-L, Block L, 
lymphangioma (surg.) 
14 Discolipiodol cisterna RISA lumbar, Neur; 
magna, block C,-C; block C, eurinoma C3-C; (surg.) 
15 Melanoma T, m 
(surg.) 
Increase in activit 
16 y Glioma T,,-L;z (surg.) 
Tb; 
17 Block T Haemangioma T, -T, 
J (surg.) 
Ext 
18 Block L,-L Block Tg-T en 
23 an mern 
Zw ZA 
: er Intramedular glioma 
Incomplete block T ,,-La Increase in activity h 
19 Narrowing To -T Tan ups el 2DD9e 
8 Io ns 2- To 9-T; also (surg.) 


Block T,3 Tuberculoma (surg.) 


20 Block Tj, 


Syringomyelia; retention 
of drops cervical 


Decrease in activity 
cervical 


Syringomyelia; 
conservative treatment 


22 Narrowing L, Increase in activity Lz Diastematomyelia 


(surg.) 


In six of the cases myelography was also done as well as myeloscinti- 
gram. In five the myelogram was positive, and the myeloscintigram showed 
evidence of incomplete block in only two of them. Another two had a normal 
myeloscintigram and the fifth was inconclusive. In one case both myelo- 
graphy and myeloscintigram were inconclusive (no operation performed). 
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TABLE III 


ARACHNOIDITIS 


Abnormal retention 
of drops 


Arachnoiditis 
Thoracic (surg.) 


Normal 


Decrease in activity 
L,-T,, Block T,, 


Leptomeningitis Tj, 


Post-operative adhe- 
sive arachnoiditis 


Arachnoiditis (surg.) 


Incomplete block T,, Block T|, 


Areas of increase and 
decrease of activity 
lumbar area 


Abnormal retention 
of drops, lumbar 
area 


Leptomeningitis (surg.) 


In four of the milder cases only myeloscintigram was done and in three 
of them it was normal (one of these cases had a proven disc at operation). 
The fourth case showed an incomplete block and a protruded disc was found.. 

Thus the myeloscintigram was normal or inconclusive in the mild cases, 
except in one case, when it was inconclusive and at surgery a large mid-line 
disc was found. 

BAUER and YUHL [1] found the myelogram to be correct in disc cases 
in 20 out of 25 patients and false negative in 5 cases. They also found myelo- 
scintigram to be correct in 30 out of 34 cases. 

We found the myelogram to be correct in five out of six cases, and the 
myeloscintigram was correct in three out of ten cases. Most of the failures 
were among cases with mild symptomatology. 

Among our series of nine tumour cases in all regions of the spinal canal, 
myelogram was performed in all cases and evidences of complete or in- 
complete block were found in all cases. Myeloscintigrams were also ab- 
normal in all cases, showing complete or incomplete block in seven cases. 

The localization was accurate in five of the cases, and on the sixth case 
the block was somewhat lower, probably due to pre-existing Discolipiodol 
between the lesion and the RISA. On the seventh case however with an extra- 
dural tumour of the L3-L, area and slight clinical signs, the myeloscinti- 
gram was thought to be at the Ty-T}, level. In retrospect we are wondering 
whether this was not a technical error or whether it was due to incomplete 
obstruction of the spinal canal for the CSF, taking into consideration that 
the heavier oil substance we use for myelography may show blocks in areas 
where the thinner CSF mixed with RISA can in any case pass. 

In one of the five cases noted above, where Discolipiodol was introduced 
from the cisterna magna and showed only the upper limit of the block to be 
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at C2a-Cz3 level, RISA was found between Co-C;s, thus proving the value of 
combined examinations in special cases. 

In the remaining two of the nine cases of tumours, where block or in- 
complete block was found by myelography, the myelvscintigrams showed 
evidences of increased activity rather than block and this latter finding oc- 
curred in the only two cases of intramedullary glioma included in these se- 
ries. The same findings occurred in a case of diastematomyelia and in one 
case of arachnoiditis. : 

In the glioma cases the increased radioactivity was interpreted as due 
to selective absorption of the RISA by the gliomas and in case No. 20 the 
tumour was localized quite accurately in its whole size, and from the number 
of dots in the myeloscintigram a curve can be reproduced (Fig. 10) showing 
exactly the location of the tumour. 

We are not in a position to explain the mechanism of selective absorption 
of RISA by abnormal tissues. We thought though that the RISA may per- 
haps penetrate the nervous tissue by following the route of Virchow's peri- 
vascular spaces. 

In the only other case where such an increase of radioactivity was found, 
one was in the described case of diastematomyelia and another in a case 
of arachnoiditis, but in both cases the appearance of the myeloscintigram 
was different. There was rather a spotty increase of radioactivity among 
areas of decreased activity and this appearance is interpreted as caused by 
adhesions and/or small cavities where a greater amount of RISA wastrapped 
without adequate diffusion within the CSF. 

Though we realize that the number of cases of glioma we include inthese 
series is not adequate to warrant final conclusions for a possible prognosis 
of the type of lesion by myeloscintigram, we think that this is an interesting 
point for further efforts in the diagnosis of gliomas or, more generally, the 
possible diagnosis of intramedullary tumours by the myeloscintigram. 

If this hypothesis proves to be correct and even better demonstrated 
in the future by using photoscanning or other radioactivated substances com- 
bined with greater effort in simultaneous and even more accurate marking 
of anatomical landmarks on the myeloscintigram, we think that it will be 
a real step forward in comparison with the standard methods of myelography. 

Regarding more accurate localization, we consider a method similar 
to the one proposed by BAUER and YUHL [1] should be used more generally. 
It consists of recording two standard anatomical points both by the scanner 
and by anterio-posterior roentgenograms of the spine. 

Another point that we want to make is that though recording of the cervi- 
cal area is somewhat less satisfactory from the technical viewpoint, we 
think that it can be done with more effort and giving the examinations much 
more time than 30 min or less reported in most of the published works 
H4561: 

In one case of cervical syringomyelia, clinically diagnosed, decreased 
activity was found at the site of the lesion and retention of some oil drops 
was found in myelography. 

In one case of tuberculoma a block was found by both myelography and 
myeloscintigram at the same lower thoracic segment. 

In our series of arachnoiditis or leptomeningitis that were serious 
enough to cause incapacitating neurological symptoms and to need explo- 
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ration, the myelogram performed in four cases was abnormal with retention 
of oily drops at the site of the lesion. The myeloscintigram correctly de- 
monstrated the site of the lesion with a block or simply decreased activity 
in three cases, in one case it showed spotty areas of decreased or increased 
activity, and in one case it proved to be normal while the myelogram showed 
simply abnormal retention of oily drops. This last case was apparently 
mild. In four cases of myelitis the myeloscintigram was normal and no 
myelograms were done. In another case the myeloscintigram showed a block 
probably because no tilting was carried out, and the myelogram was normal. 

The last five cases of our series are not described in any detail since 
either a complete diagnosis was not made because of inadequate time or for 
other reasons (the myeloscintigrams were normal or in two cases were not 
technically satisfactory). 


CONCLUSION 


The myeloscintigram is a method with potentialities, not fully explored 
up to the present time, and which may become in the future even more help- 
ful in the diagnosis of spinal neurological syndromes. 

In the lumbar disc cases in which we used it, the results were inferior 
to oil myelography, especially in mild cases, but in tumour cases it may 
prove to be comparatively more helpful, especially if future studies demon- 
strate in a larger number of cases the validity of our findings of selective 
absorption of the RISA by certain tumours. 

This latter finding may be useful for prognosis as well. In arachnoiditis 
and leptomeningitis the findings are as a rule positive, and in myelitis 
negative. 

Finally, further efforts to improve present technical facilities would 
be worthwhile. 
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DISCUSSION 


M. TUBIANA: Have you compared the results obtainable by the myelo- 
scintigram method with those that can be obtained by means of profile count- 
ing along the vertebral column? We did some work withthe latter technique 
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in 1951*. Our impression was that profile counting was the better method 
for two reasons. In the first place, it is able to provide a quicker and more 
precise answer to the one question that is of importance, namely whether 
the radioactive substance spreads along the spine. Secondly, it is a quanti- 
tative method and, if repeated at regular intervals, it provides a means of 
following the passage of a radioactive substance through an incomplete block. 

H. MIKROPOULOS: We have only used dot counting in a small number 
of cases so far. Our visual results were adequate for our purposes. 

J. BRICE: It was scarcely surprising that you were not able to demon- 
strate laterally placed discs. Your normal scans did not show detailed 
anatomical structures such as the nerve-root dural cuff and it is these ana- 
tomical structures that are disturbed by discs. 

A more important limitation of this technique is that you cannot be cer- 
tain that a subdural injection has not been made inadvertently. This is a 
recognized difficulty which occasionally occurs in conventional myelography 
and I think it could give rise to false positive and negative results. 

H. MIKROPOULOS: We had the impression that we were in the sub- 
arachnoid space and we generally injected and withdrew the CSF mixed with 
RISA a few times on each occasion. 

W. ENTZIAN: Have you obtained any specimens from cases under oper- 
ation which might provide some indication of the relative uptake of the radio- 
active compound by intradural tumour or normal tissue? 

H. MIKROPOULOS: No. It must be remembered, of course, that oper- 
ations are not performed immediately after scanning but frequently some 
days later. 


> TUBIANA, M., BENDA, P. et CONSTANS, J., «Sodium radioactif et liquide c&phalo-rachidien, 
applications diagnostiques des me&ningites tuberculeuses et des compressions m&dullaires>, Revue neurol. 


85 (1961) 17. 
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RENAL SCINTISCANNING WITH Hg20%3 -NEOHYDRIN 
IN UROLOGIC DISEASES 


V. BOLLINI AND G. TORI 
RADIOLOGY INSTITUTE OF THE UNIVERSITY OF BOLOGNA, ITALY 


Abstract — Resume — Annotauns — Resumen 


RENAL SCINTISCANNING WITH Hg?®- NEOHYDRIN IN UROLOGIC DISEASES. Renal scintiscanning 
has been carried out using Hg?%-labelled Neohydrin. The equipment used is the Nuclear Chicago Isotope 
Scanner Type 1700 with 2x 2-in crystal and a 7-cm focal-length honeycomb collimator. Usually the scinti- 
grams are registered both on paper and on photographic film. Hg?®-labelled Neohydrin is usually employed 
in doses of 120-160 uc (about 2 uc/kg). The scanning examination starts about 2 h after the injection and 
lasts about 40-50 min. 

The selective storage of labelled Neohydrin at the level of the renal cortex makes it possible to obtain 
a graphic representation of the two kidneys and to identify their position, orientation and shape, and the 
homogeneity of the actively functioning parenchyma. In some cases, autoradiographic investigations have 
been carried out on diseased kidneys after surgical removal. 

By this method anomalies in position and orientation, both congenital and acquired, can be ascertained. 
As regards shape, the limits of the renal patterns are the more clearly defined as the renal function is better. 
Technical aspects such as the width of the crystal, type of collimator (whose focal plane should pass through 
the transverse medial plane of the kidneys), and dose - which should be not too high nor too low - areessential 
conditions for a correct graphic reproduction of the renal patterns. 

Failure in tabular activity in the parenchyma is shown by a lack in the uptake of radioactivity. The 
position, extent and shape of such defects in uptake vary according to the entity of the renal structures and 
their derangement due to various pathological processes: tumours, cysts, hydronephrosis, tuberculosis etc. 

In normal subjects a homogeneous scintigram is usual, although a clearer hilar region is not a rare 
occeurrence. Any circumscribed decrease of scintigraphic density outside the hilum is the expression of a less 
actively functioning zone. Among kidney patterns larger than normal, the homogeneous ones which point to 
a compensatory hypertrophy should be distinguished from the dishomogeneous and irregular ones. These last 
pictures suggest the presence of large hydronephroses, tumours or multiple cysts. In renal vascular disease, 
the character of the uptake in the two kidneys can be of significant value in assessing the reduced function 
and in differentiating unilateral from bilateral diseases. Renal scintiscanning thus shows promise of proving 
a useful clinical technique, particularly if combined with radiological examination of the kidneys by traditional 
means (urography, ascending pyelography, retropneumoperitoneum, tomography, aortography, etc.). 


SCINTIGRAPHIE DU REIN DANS LES MALADIES DES VOIES URINAIRES AU MOYEN DE NEOHYDRINE 
MARQUEE AVEC 20Hg. Les auteurs ont proc&d& A des scintigraphies du rein au moyen de n&ohydrine marqu&e 
avec 2%®Hg. Ils ont utilise le dispositif de scintigraphie «NuclearChicago>, type1700, A cristalde 5x 5 cm 
et collimateur alv&olaire de 7 cm de distance focale. En gEn£ral, les scintigrammes sont enregistres a la 
fois sur papier et sur film photographique; la n&ohydrine marqu&e avec 2°®Hg est administree en doses de 120 A 
160 uc (environ 2 uc/kg). L'examen scintigraphique commence deux heures environ apres l'injection et 
dure de 40 a 50 min. 

Le fait que la n&ohydrine marqu&e se fixe selectivement au niveau du cortex renal permet d’obtenir 
une representation graphique des deux reins et de d&terminer leur position, leur orientation et leur forme, 
ainsi que le degre d'homog£neite du parenchyme normal. Dans certains cas, des examens autoradiographiques 
ont &t& effectues sur des reins malades, apr&s ablation. 

Cette methode permet de determiner les anomalies, cong@nitales ou acquises, dans la position et 
l'orientation des reins. En ce qui concerne la forme de l'organe, les contours de l’image du rein sont d’autant 
plus nets que la fonction r&nale est meilleure, Des caract£ristiques techniques telles que la largeur du cristal, 
le type de collimateur (dont le plan focal doit couper le plan median transversal des reins) et la dose (qui ne 
doit Etre ni trop Elev&e ni trop faible) repr&sentent les conditions determinantes d'une reproduction graphique 
correcte de la structure rEnale. 
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Une mauvaise fixation de la radioactivite d&note une insuffisance de l'activite tubulaire dans le paren- 
chyme. La position, l'&tendue et la forme des zones de mauvaise fixation varient suivant le degr& d'integrite 
des structures r&nales et leur alt&ration sous l'effet de divers processus pathologiques: tumeurs, kystes, hydro- 
nephrose, tuberculose, etc. 

Chez des sujets normaux, le scintigramme est generalement homogene, bien qu'il ne soit pas rare 
d'observer une plus faible densit€ dans la region du hile. Toute tache plus claire en dehors du hile indique 
une zone ou la fonction renale n'est pas normale. Parmi les images du rein plus grandes que la normale, il 
convient d'&tablir une distinction entre les images homog?nes, qui d@notent une hypertrophie compensatoire, 
et les images non homog£nes et irrgulieres. Ces demitres semblent indiquer une forte uron&phrose ou la 
presence de tumeurs ou de kystes multiples. Dans les affections r&no- vasculaires, le caract2re de la fixation 
de la radioactivit& dans les deux reins peut beaucoup aider A Evaluer la diminution de la fonction r&nale et 


a Etablir si un seul rein ou les deux sont atteints. On peut donc s'attendre que la scintigraphie du rein con- 
stituera une m&thode interessante d’exploration clinique, surtout en association avec l'examen radiologique 
des reins par les m&thodes classiques (urographie, py&lographie ascendante, r&tropneumop£ritoine, tomo- 


graphie, aortographie, etc.). 


CUNHHTMINAUMOHHOE CKEHHNPOBAHHE TIOUEK C TOMOUbBRP HEOTUIPHUHA, ME- 
YEHHOTO PTYTbPR-203, IIPM YPONOTNM4MECKHUX 3ABOJIEBAHNAX. Ara CUMHTUNNAUMOHHOTO 
CKEHHPOBAaHHN MOYeK HCNONB3OBANCA HEOTHAPHH, MeyeHHbIhä PTyTbw-203. Bein npuMeHeH ANepHbIA 
UnkarcKkHä H30TONHbIa CkeHHep runa 1700 c KpncrannoM 5%X5 CM U KonANHMaTop "XaHuKoyM" cC 
bOKYCHBIM PaccToAHHeM 7CM. O6bIYHO CUHHTUTPAMMbI PeTUCTPHPYWTCA OAHOBPeMEHHO Ha 6y- 


Mare u Ha borTonneHnke. HeorHuapHH, MeyeHHbIM PTyTbw-203, MpPHMeHHeTca OÖbBIYHO B 103aX 
120-160 MKKImpH (0OKoNo 2 MKKEpH/KT). CKEeHHNPOBaHHe HauHHamT CHYCTA 2 yaca Noche MHb- 


eKUHH H npononxamr 40-50 MUHYT. 

CeneKTHBHOe CKONMJIEHHe MEYEeHOTO HEeOTHAPHHa B KOPKOBOM CAIOE NIOYeK NAaeT BO3MOXHOCTB 
NONYy4HTB Tpabnueckoe H306paxeHHe ObeHux MOoUeK HU ONPeAeNHTBb HX NONOKEHHe, OPHEeHTaAUMD H 
$opMy, a TaKk’xke TOMOTEHHOCTBb aKTUBHO DYHKUHOHNPyPueH MapeHxuMbIl. B HeKOTOpbIX cnyyasx 
6b IM npoBeneHbI aBTOpannorpabnueckHe HCCNEeNOBAaHHA NOPAKEHHBIX NOYEeK NOCNE XHPYPTHYecKoTo 
yaanennusn. 

C noMoUbP TaKOTO MeToNa MOXHO AHATHOCUHPOBATb KaK BPOXAEHHbIe, TaK H IIPHOÖPeTeHHbIe 
aHOMAalHH NONOXKEHHA MH OPHeHTaumn. MrTo Kacaerca dopMbI, TO TpaHHlIbBI TOYeK MOXHO onpene- 
AMTb TeM TOYHee, yeM 1y4le BYHKUHOHNPyeT noyka. Takhe TexHHyeckHe acneKTbl, KaK IIHPHHa 
KPHCTanna, TUN KonA1MMaTopa (BoKanbHag MNOCKOCTb KOTOPOTO AONXKHA TIPOXOAHTB yepe3 cpeA- 
HPP NONepeyHyP MMIOCKOCTB TIOYeK) H 103a, KOTOpası He MONXHa ÖbITb CAHUKOM BBICOKOÄ HM CAHUI- 
KOM MaJlol, COCTABNAPMT CylIECTBEHHOE YCAOBHe ANA MPaBHNBHOTO TpabuuecKorTo BOCNPOHSBeAEeHHN 
OYepTaHuf nIoyeK. 

Hapywenne NeATenbHOCTH KaHanblieB B NapeHXHMe onpenenaerca Önarodapa HapylieHnm NO- 
TNOWMEHNA PaNMOAKTUBHOCTU. IlonoxeHHe, pasMepbIl U BopMa TaKHX NeheKToB NOTNOMEHHS KOo- 
NEÖNMTCA B COOTBETCTBHH C XapaKTepoM NOUeUHOÄ CTPYyKTypbIl U ee HapylieHHf BCNelcTBHe pasıny- 
HbIX MATONOTHYECKNX TIIPOUECCOB: ONMyXonefi, KHCT, THAPoHebpo3sa, Ty6epkynesa u T.1. 

Y 3a0poBbIx nmAeh O6bIYHO NONYyYaWT OAHOPOAHBIeE CUHHTUTPAMMBI, XOTA NonyueHHe 6onee 
yYeTKof O6NaCTH BOPoT OpraHa He ABIAEeTCA peaKuM CnyyaeM. Kakoe-nH60o OTpaHunyeHHoe YMeHk- 
WeHMEe CUMHHTUTPAPHYeCcKoH MNOTHOCTH BHE BOPOT NpencTaBıaeT Co6of DYHKUHOHHPyPmLLYyE MeHee 
aKTUBHO 30Hy. Ilpn 6onee KpyriHbIx pasMepax noyeK, NO CPABHeHNUW C HOPMANBHEIMN, CHeAyer 
OTNNM4MATB OAHOPOAHbIe CKEHHOTPAMMBI, KOTOPble yKa3bIBaWT Ha KOMNEHCATOPHYyP THUNePTpodum, 
HeOAHOPOAHBIX H HMERWIUIHX HenNpaBunbHyP BopMy. N306paxeHun THX NOCNHEAHHX YKasbIBawT Ha 
HaJIH4UHEe KPyTIHbIX YUACTKOB THAPOHePPOo3a, ONYXoNneHh UNH MHOXKECTBEHHEIX KHCT. 

Ilpn noyeyHbIX COCyAHCTEIX 3aboneBaHnAX onNpeAeneHnHe XapaKrepa NOTNOWMEHHA B OÖeHX noy- 
KaX npencrTaBnaeT 6onbUuIyM UEHHOCTB MIA ONEHKH CHUKEHHA UX DYHKUMM Mm Ana pasrpaunyenung 
OAHOCTOPOHHNX H ABYCTOPOHHHX NOPaxKeHHA, 

TakuM 06pa30M, CUMHTHNNAUMOHHOe CKEHHHPOBAHHE IOyYeK OdellaeT AaTb MONESHLIE KIHHHYeC- 
KHe MeTOAbIl, OCOÖEHHO B COYeTaHuM C PANHONOTHYECKUM HCCHEeAOBAHHEeM MOYeK TPAaAHLHOHHBIMH 
CpeAcTBaMu (yporpabna, Bocxonamas MNH9NOTPahHA, PETPONHeBMONEPHTOHeYM, TOMOTpabHs, aopTo- 
rpabua u T.A.). 


EXPLORACION CENTELLEOGRÄFICA DEL RINÖN CON NEOHYDRINA- 2034g EN LAS AFECCIONES UROLÖ- 
GICAS. Los autores han efectuado exploraciones centelleogräficas del riiön empleando neohidrina marcada 
con 284g. Para ello, utilizaron el Nuclear Chicago Isotope Scanner, tipo 1700, con un cristal de 2x 2 pulg 
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y un colimador alveolar de 7 cm de distancia focal. Los centelleogramas se registran generalmente simultänea- 
nente en papel y pelicula fotogräfica. La neohidrina marcada con 204g suele administrarse en dosis de 120 a 


160 uc (aproximadamente 2 uc/kg). La exploraciön se empieza unas dos horas despu&s de la inyecciön y dura 
de 40 a 50 min. 


La concentraciön selectiva de la neohidrina marcada en la corteza renal permite obtener una represen- 
taciön gräfica de ambos rifiones, comprobar su posiciön, orientaciön y forma, y verificar la homogeneidad 
del parEnquima en actividad. En algunos casos se han efectuado investigaciones autorradiogräficas en rifiones 
despu&s de extirparlos quirürgicamente. 

Gracias a ese m&todo se pueden determinar anomalias, cong&nitas o adquiridas, en la posiciön y la 
orientaciön. Por lo que respecta a la forma, los limites del diagrama quedan mäs claramente definidos cuanto 
mejor es la funciön renal. Ciertas condiciones tecnicas tales como la anchura del cristal, el tipo de colimador 
(cuyo plano focal debe cortar el plano transversal mediano de los riiones) y la dosis (que no debe ser ni excesiva 
ni demasiado baja) son esenciales para obtener un centelleograma correcto. 

Las deficiencias en la actividad tubular del par&nquima dificultan la captaciön de radioactividad. La 
situaciön, la extensiön y la forma de esos defectos de la captaciön varfan en funciön de las estructuras renales 
y segün los procesos patolögicos que los determinan: tumores, quistes, hidronefrosis, tuberculosis, etc. 

Para las personas sanas se obtienen centelleogramas homog&neos, aunque no es raro que la regiön hilar 
aparezca mäs clara. Cualquier disminuciön eircunscrita de la densidad centelleogräfica fuera del hilio indica 
una zona de actividad atenuada. Cuando los rifiones aparecen dilatados hay que distinguir entre los homog&neos, 
que indican una hipertrofia compensatoria, y los no homog£neos e irregulares. Estos ültimos sugieren la pre- 
sencia de hidronefrosis extensas, de tumores o de quistes mültiples. Cuando se trata de enfermedades vasculares, 
el caräcter de la captaciön en ambos rifiones puede contribuir considerablemente a determinar una disminuciön 
de la funciön renal y a diferenciar los casos unilaterales de los bilaterales. Asi, la centelleograffa del riiön 


constituye al parecer una t&cnica clinica de gran utilidad, especialmente si se combina con el examen radio- 
lögico por medios tradicionales (urograffa, pielograffa ascendente, retroneumoperitoneo, tomografia, aorto- 
grafia, etc.). 


Renal scintiscanning using Neohydrinlabelled with Hg2®has been widely 
applied in these last years in the diagnosis of various renal diseases. In 
many cases of renal malformations, cystic dysplasia, hydronephrosis, renal 
neoplasms, and obstructive arteriopathy of the renal artery, the scintiscan 
can be a very useful aid in diagnosing the case. This signifies that the se- 
meiotic elements demonstrated by scintiscanning in these cases can comple- 
ment and clarify the radiological findings obtained with the various tradi- 
tional and special techniques. 

The renal scintiscan with radiomercury is the expression of the paren- 
chymography of the cortical structure of the kidney. The radiomercury 
accumulates specifically in the tubular cells, provided that these are as- 
sured of an adequate blood supply and are functioning properly. If the renal 
parenchyma or a part of it presents an altered tubular function, caused by 
anatomical or functional compromission, or is indeed truly hypovascularized, 
there will not be any fixation at such level or the fixation will be more or 
less diminished. Therefore, in numerous diseases that determine a func- 
tional or anatomical damage of the tubular activity, one will note various 
results of altered fixation, which may be diffused or localized with true and 
proper defects of uptake. 

Most of the time, these results are not pathognomonic of a given disease 
but they are often aspecific. 

Their significance and their value, however, require greater experience 
in order to reduce the percentage of interpretative errors. For this same 
reason, one must keep in mind certain technical factors, such as the type 
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of collimator, the distance of the kidney from the plane of focalization, the 
thickness of the interposed soft parts, the administered dose, the velocity 
of movement, etc. 

A detailed description of the diagnostic possibilities of the scintiscan 
in various renal diseases is not possible because of the limited time allowed. 

Nevertheless, numerous papers concerning this subject can be found in 
medical literature. 

Today the renal scintiscan is being brought to universal attention as 
one of the most useful aids in urographic examination. To demonstrate this, 
we will present some observations of the polycystic kidney and renal tuber- 
culosis. We have chosen the first of these diseases because it presents 
scintiscan findings which are almost pathognomonic. The second was chosen 
because its indications for scintiscanning have, till now, not been given due 
consideration. 


POLYCYSTIC KIDNEY 


The result of the scintiscanning is very variable and it is characteriz .d 
by bilateral renal shadows, more or less enlarged, with polycyclic margins. 
The continuity of these margins is someı. nes interrupted in the peripheral 
part of the organ where cystic formations, extrinsically developed, exist. 

The density of the scan pattern is not homogeneous due to the presence 
of defects of uptake with lacunar aspect, of various dimensions and topo- 
graphy, which alternate themselves with areas that fix the radionuclide in 
various degree. In some points the patterns appear scarce. In others they 
appear more or less normal and in still other points, they appear denser 
than normal (Fig.1, aandb). 

The scan picture, besides giving significant results from a diagnostic 
point of view, permits a good approximate evaluation of the grade of func- 
tional activity of each of the two kidneys and determines the topography of 
the areas of the parenchyma which still conserve the capacity of fixing the 
radionuclide (Fig.2, a and b). These observations, coupled with urographic 
findings permit a more reliable interpretation and constitute precious in- 
formation on which therapy can be based. 

The case of a post-operative polycystic kidney, which we have observed 
at various intervals of time, demonstrates how the operated kidney loses a 
great deal of its ability to fixate the radionuclide, even to the extreme extent 
of total exclusion(Fig.3, a and b). These observations canconstitute important 
elements of judgement on the still open discussion of whether the surgical 
intervention in cases of polycystic kidneys is feasible or not. 


RENAL TUBERCULOSIS 


The results vary according to the pathological forms, the seriousness 
and extension of the tubercular process and its duration. 

In the initial forms, which are characterized by papillary erosion, the 
scintiscan can appear completely normal. Scintigraphic alterations become 
more evident with the progression of the renal lesion. The forms of middle 
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Fig. 1(a) 


Bilateral polycystic kidney (urography) 


Fig. 1(b) 


Bilateral polycystic kidney 


The photoscan shows that the renal shadows, and particularly the right one, are increased in size 
and have a somewhat irregular contour. Distribution of the radionuclide is not homogeneous: 
lacunar defects of uptake are to be seen, alternating with areas of normal or even increased density. 
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Fig. 2(a) 


Bilateral polycystic kidney (urography) 


severity with cavitary lesions can still present an almost normal morphology 
of the organ but with diffused reduction of the fixation to a variable degree. 

Erosive forms with the production of caverns and destruction of the 
parenchyma, or reduction of the same because of serious atrophic- 
hypotrophic phenomena, give rise to results of altered fixation, with areas 
of reduced uptake or true defects of uptake (Figs.4, aandb;5, aandb; 
6, aandb). 

These findings are particularly interesting because they complete the 
urographic findings and provide a more exact evaluation (Figs.7, aandb; 
8, aandb). In fact, the renal scintiscan can be useful in establishing if a 
calyx visualized on the excretory urogram constitutes a genuine expression 
that the corresponding portion of the kidney is functioning or does not truly 
represent a retrograde filling from the renal pelvis. 

In the forms of chronic progression, with the extensive reduction of the 
parenchyma and concomitant phenomena of cicatrization, one has results 
of more or less complete functional exclusions (Fig. 9, aand b). The mar- 
gins of the kidney are not clearly evident and the renal area presents a 
radioactive level which is poorly distinguished from that of the background. 


CONCLUSIONS 


The presentation of this paper anpears to document better than other 
examples of renal diseases, the importance of the renal scintiscanning in 
order to ascertain the lesions present and also to evaluate the grade of ac- 
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Fig. 2(b) 


Bilateral polycystic kidney 


The scintiscan, besides showing a typical picture of cystic dysplasia, allows us to ascertain 
the functional degree of the two kidneys much better than by urography. A higher uptake is in fact 
evident on the right side where the areas of residual parenchyma show a thicker tracing. 


tivity of the parenchymal portions which fix the radionuclide. These facts 
have a decisive importance for therapeutic decisions, particularly in the 
field of surgery. 
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.3(a) 
Bilateral polycystic kidney surgically treated (urography) 


Fig 


Bilateral polycystic kidney surgically treated 


The corresponding scintiscan shows a very low uptake of radionuclide on both sides of the residual 


The scanning has been carried out six months after surgery. Although a reliable 


comparison with pre-surgery conditions is not possible, due to the non-availability of a previous 
scintigraphic examination, from the findings on the post-surgery scintiscan we can however assume that 


parenchyma. 


the bilateral operation did not bring about a favourable result on the functional activity of the residual 


parenchyma, wbich in fact is poor; 
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Fig. 4 (a) 
Ulcero-caseous tuberculosis of the left kidney 


The scintiscan shows a lacunar uptake defect at the:level of the superior pole of the left kidney. 


Fig. 4 (b) 


Ulcero-caseous tuberculosis of the left kidney 


A photograph of the operatory specimen shows destruction of the parenchyma of the superior pole and 
the presence of a cavitary formation . 
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Fig. 5(a) 
Ulcero-caseous tuberculosis of the left kidney 


Urography combined with tomography, shows the presence of a lesion on the intermediate tract of the 
uppeı calyx, most probably of a specific nature 


Fig. 5(b) 


Ulcero-caseous tuberculosis of the left kidney 


The photoscan shows a roughly round -shaped uptake defect on the upper half of the left kidney. The 
remaining parenchyma of the superior pole and the lower half of the organ show a certain decrease 
in uptake activity. 
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Fig. 6(a) 


„elero-atrophic tuberculosis of the right kidney 
The urogzaphy shows lack of injection of the right upper calyx. 


Fig. 6(b) 


Sclero-atrophic tuberculosıs of the right kidney 


The scintiscan shows absence of ıptake on the upper half of the right kidney. This explains the meaning 
of the urographic finding and allows appraisal of the size of the parenchymal lesion on the upper half 
of the organ. 
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Fig. 7 (a) 
Ulcero-cavitary tuberculosis 


The urography shows the presence of a serious specific lesion on the upper half of the left kidney. 


Fig. 7(b) 


Ulcero-cavitary tuberculosis 


The photoscan shows a remarkable decrease in uptake activity, particularly in the superiorhalfoftheleft 
kidney. The facı bears out the urographic finding as regards the lesion on the upper half of the organ. 
It is to be n ‚ted besides that on the scintiscan the lower half of the left kidney shows a conspicuous 
decrease of function. This is a finding not ascertained by urography. 
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Fig. 8 (a) 
Bilateral renal tuberculosis 


On the right side urography shows the presence of a lesion on the intermediate tract of the lower calyx, 
as well as a calycectasia on the superior pole; on the left side a cavitary lesion of the inferior pole and a 
thinning of the intermediate tracı of the upper calyx are to be seen. 


Fig. 8 (b) 


Bilateral renal tuberculosis 


The photoscan completes and supplements the radiological finding, showing taat on the right side the 
most relevant lesion is on the lower renal pole where uptake is practically absent. On the left side 
the lower renal pole, where radiologically the lesion is more conspicuous, shows a fairly good uptake, 
while at the level of the superior pole a wide uptake defect is to be seen. The last finding explains 
the remarkable radiological narrowing of the intermediate tract of the upper calyx caused by a 
sclero-atrophic process spreading to almost all of the superior pole of the left kidney. 
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Fig. 9 (a) 
Sclero-atrophic generalized tuberculosis of the left kidney 


Sceintiscan shows the complete absence of uptake in the left kidney. 


Fig. 9(b) 


Sclero-atrophic generalized tuberculosis of the left kidney 


Photograph of the operatory specimen. 
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DISCUSSION 


A. DESGREZ: While I fully agree with all that has been said on the sub- 
ject of Hg203-Neohydrin, I.think it might be worth while to draw attention to 
the possibilities of Hg!?’-Neohydrin, the use of which was suggested just 
over a year ago by Dr. Kellershohn and ourselves. 

Using this substance makes it possible to inject much higher doses of 
radioactivity, e.g. 1.5 mc, whilst even reducing slightly the radiationdose. 
With these doses normal scanning equipment will produce scans with a much 
improved resolution. As a result, one is in a better position to interpret 
details of the parenchyma as well as the general shape ofthe organ. InFig.1, 
for example, the curved contours visible on the left kidney correspond to 
dilated calyces, the existence of which we have in fact been able to check. 
These features could certainly not have been visualized with a permissible 
dose of Hg203, 

G. TORI: I agree that Hg!?”’-Neohydrin has a number of definite ad- 
vantages. One drawback is its short half-life. Hg?03 has a longer half-life 
and hence is economically more attractive. 

P. HARPER: The photo-scans shown by Dr. Tori have sufficient 
resolution and contain sufficient statistical information to show very clearly 
the artefact due to respiratory movements, which makes a saw-tooth 
appearance of the upper and lower borders of the organ - in some instances 
this amounts to about 2 cm. If the representation of the organ is to be re- 
fined, the motion of the kidneys will have to be controlled in some way. One 
possibility is to block the appropriate phrenic nerve. We have been doing 
this ourselves routinely for liver and spleen scans. Unfortunately, however, 
this cannot be done bilaterally. 

C. KELLERSHOHN: I think this can be done without resorting to tem- 
porary paralysis of the phrenic nerve to suppress the effect of thorax move- 
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Renal scans obtained with Hg" -Neohydrin 


ment on kidney scans. As has been pointed out by Bender and by Anger, 
you can obtain a very high degree of sensitivity byusing scintillation cameras 
fitted with a grid-type optical system. If a camera of this sort is usedin 
conjunction with an electron-capture nuclide of relatively short half-life, 
e.g. Hg197, it is possible to obtain kidney scans in a matter of seconds. If 
necessary, the patientcan always be asked to stop breathing forafew seconds. 

I should also like to draw attention to another way of investigating renal 
function. This method bears a certain formal similarity with the thyroid 
uptake studies; a curve is traced showing the uptake of the mercurial com- 
pound in each kidney, as detected externally. This method has been developed 
in the last few months by Dr. Raynaud at the Service Hospitalier Frederic 
Joliot; the results so far have been encouraging. 
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CLINICAL APPLICATIONS: PANCREAS, 
LUNGS, SPLEEN 
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PANCREASSCANNING WITH Se’5-SELENOMETHIONINE 


M. BLAU 
DEPARTMENT OF NUCLEAR MEDICINE, ROSWELL PARK MEMORIAL INSTITUTE, 
BUFFALO, N.Y., UNITED STATES OF AMERICA 


Abstract — Resume — AnnoTauna — Resumen 


PANCREAS SCANNING WITH Se’®- SELENOMETHIONINE. Amino-acids show a high degree of localization 
in the pancreas during the first few hours after administration. This specificity is related to the rapid synthesis 
and turnover of the digestive enzymes. Since none of the elements in the structure of amino-acids (C,H, 
N,O and S) have suitable gamma-emitting isotopes, they cannot be used for scanning. Several Il?! derivatives 
of amino-acids were prepared and tested, but the pancreas-localizing property of the original amino- acid 
was lost in every case. The chemical similarity of selenium and sulphur suggested that the selenium analogue 
of methionine might resemble methionine closely enough to take its place in protein synthesis. Se75(half- 
life, 128 d; principal gamma-ray, 0.27 MeV) is suitable for scanning. 

Selenium-75-selenomethionine was prepared by yeast biosynthesis. The yeast was grown on a low sulphur 
medium containing high specific activity Se’® as selenite. After extraction with ether and hot trichloracetic 
acid, the protein residue was hydrolysed with hydrochloric acid Theresulting amino-acid mixture wasseparated 
by column chromatography. 

Selenium- 75-selenomethionine prepared in this manner showed biological properties of a natural amino- 
acid. The uptake in pancreas was about 7% of the administered dose and the concentration in a gramme of 
pancreas was seven times that in a gramme of liver. Blood and other organs had even lower uptakes, 

The clinical usefulness of pancreas scanning is now being evaluated. Tumours of the pancreas have 
been found as areas of decreased uptake. There is no concentration of selenomethionine in cases of acute 
pancreatitis. It is too early to give a statistical estimate of our ability to find tumours of the pancreas by 
this technique. The estimated total body dose from this procedure is less than 1 rad. The selenium dose is 
only a few microgrammes and represents no toxicity hazard. 


SCINTIGRAPHIE DU PANCREAS AVEC DE LA SELENOMETHIONINE MARQUEE AU SELENIUM-75. Les 
acides amin&s ont une forte tendance A se concentrer dans le pancr&as dans les premitres heures qui suivent 
l'administration, Cette sp&cificit€ va de pair avec la synthdse et le renouvellement rapides des enzymes 
digestifs. Etant donn& qu'aucun des radioisotopes des El&ments qui entrent dans la composition des acides 
amines(C, H, N, O et S) n'est un Emetteur gamma int@ressant, on ne peut pas s'en servir en scintigraphie. 
On a pr&par& plusieurs d&riv&s des acides amin&s contenant de l'iode-131, mais on a constat€ a chaque essai 
que l’acide amin& avait perdu sa propriet€ de se concentrer dans le pancr&as. Etant donn€ que la sel&nium 
et le soufre ont des proprietes chimiques tres voisines, on a pens€ que de la m£&thionine contenant du selEnium 
a la place de soufre pouvait ressembler suffisamment a la me&thionine ordinaire pour prendre sa place dans 
la synth&se des protines. Le sel&Enium-75, qui a une p&riode de 128 j et qui &met des rayons gamma de 
0,27 MeV, convient tres bien pour la scintigraphie. 

On produit la selEnome&thionine marquee au s@lEnium- 75 par biosynthdse de la levure. On fait proliferer 
la levure dans un milieu pauvre en soufre contenant du sel&Enium- 75 a forte activit& sp&cifique sous forme 
de selEnite. Apr2&s extraction A l’Ether et A l'acide trichlorac&tique chaud, on hydrolyse le r&sidu prot&inique 
avec de l'acide chlorhydrique. On obtient ainsi un m&lange d’acides amin&s qu’on s&pare par chromato- 
graphie sur colonne. 

La selEnome&thionine marqu&e au selEnium- 75 pr&par&e de cette maniere possede les m&mes propriet&s 
biologiques qu’un acide amin®@ naturel. La quantit& fix&e dans le pancr&as correspond A environ 7% de la 
dose administree; la concentration sp&cifique dans le pancr&as est sept fois plus Elev&e que dans le foie. Le 
sang et les autres organes ont des taux de fixation encore plus faibles que le foie. 

Les auteurs proc&dent maintenant A l’Evaluation de la valeur clinique de cette methode de scintigraphie 
du pancr&as. On a detect@ des tumeurs du pancr&as qui sont des r&gions oü la fixation est plus faible. En 
cas de pancr&atite aigu&, le pancr&as perd sa propriet& de fixer la selEnome&thionine. Il est encore trop töt 
pour proc&der A une Evaluation statistique du dEpistage des tumeurs du pancr&as par cette methode. La dose 
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totale A l'organisme entier est infErieure a l rad. La quantit& de sel&nium administr&e (quelques micro- 
grammes) n’entraine aucun risque de toxicite. 


CKEHHMPOBAHWE NOAXKENIYIOYHON KENE3bI C TOMOMBP CEIAIEHOMETNOHHNHA, 
MEMEHHOTO CEJIEHOM -75. O6napyxeHa BbICoKaA CTenNeHb KOHUEHTPAUHH AMHHOKHCIOT B 
NOAXeNyAOYHON Kene3e B TeyeHhe MEPBbIX HECKONbBKHX 4acoB Noc1e BBeneHun. Ta OCO6eHHOCTB 
CBA3aHa C ÖBICTPBIM CHHTE30M HU KPYTO060PoToM MHUIEeBApHTeNBHbIX BepMeHToB. IlocKonbky HM 
OAHH NH3 9NEMEHTOB B CTPyKType amuHoKHcNoT (C,H,N u S) He UMeeT COOTBETCTByPLUMX TAMMA- 
HaNyYamluIMX H30TONOB, UX HeN1b3A HCNONB3OBATb ANA CKeHHMPpoBaHnAa. BbInM MOATOTOBNeHEI MU 
NCNbITAHbI HeCKONBKO IIPOH3BOAHBIX aMMHOKUCNOT—-HoA-131, HO B KaXıaoM Cny4ae TepAnoCcb CBOH- 
CTBO HCXOAHOH AMHHOKHCNOTBI COCPENOTOUNBATBCA B NOAKENYAOYHOH Kenese. XHMHUecKoe CXON- 
CTBO ceneHa U Cepbl AaeT OCHOBaHHEe CUUTATb, YTO CeneHoBblÄ aHal1OT MeTeoHuHa 6nNH30K K Me- 
THOHHHY NO CTPOeHUP B AOCTATOYHOH CTeneHu, YTOÖbI 3aHATb eTO MEecTo npH CHHTese 6benka. Ce- 
neH-75 (nephon nonypacnana 128 aAHef, OCHOBHbIe AaHHble: TamMa-ny4uH, 0,27 Ma3B) npuroneH ana 
CKEHHNUPOBAHUA. [IpHroTaBnuBanca CeneHOMEeTHOHHH -CeneH-75 C NOMOUBP ÖHOCHHTE3a APpoxXxeh. 
Ipoxxn BbIpawmBann Ha Cpele C HU3KUHM CONepXxaHHeM CepbI U BbICOKON YAelbHON AKTUBHOCTBE 
ceneHa-75 B Bune ceneHnuTa. Tlocne 3KCTparHpoBaHun 3bHPoM MH TopA4yeh TPHXNOPYKCYCHONA KHCNO- 
TON 6enKoBbIM OCTATOK NOABEPTANH TUAPONU3Y C TIOMOWUBP CONAHOÄ KHucNOTbl. Pe3synbTupywuym 
CMEeCb AMHHOKHCNAOT Pa3nenAnMH MEeTONOM XPOMaTorTpabun Ha KONOHKE®. 

CeneHoMeTHOHHH - ceneH-75, NOATOTOBNEHHBIH TAKUM O6Pa30M, HMen ÖHONOTHYecKHe CBOÄCT- 
Ba MPHPOAHBIX AMHUHOKHUCNOT. TlornowmeHHe B NOAKEeNyNOYUHOH Kene3e COCTAaBNANO OKONO 7 ”o BBENEH- 
HoM A03bl, a KOHLIEHTPaUHR Ha TPaMM MOAXKEeNyNOoUHoA xXenesbl ÖbIna B 7 pas Ö6onbuie yeMm Ha TPaMM 
neyeHn. TlornoueHne B KPoBH U APYTHX OprTahHax ÖbINO eule Huxe. 
neyeHn. IlornomeHHe B KPOBH HU APYTHX OprTaHax ÖbINo elle Huxe. 

B HnacToamee BpeMA NPOUM3BOAHTCH KIIHHHYeCKaA OUEHKA METOAOB CKeEHHHPOBAHHA IIOAKE- 
AyAo4HoA xKenesbl. OfyXonH NOAKENyAOUHOH xKenes3bl NPeACTABNANH YUaCTKH C MEHBUIHM NOTNOMeEe- 
HNMeM. He Ha6nmMmAanoCh KOHUEHTPALIHH CeNeHOMETHOHHHA B CAIYy4UaAX OCTPOoTo maHukpearura. Eıute 
CAHUIKOM PaHO NaBaTb CTATHCTHYeCcKyP OUEHKY ITOTO MeToNa OÖHapyxKeHHsA ONyXonefil NOAKeny- 
AoyHoA xenespl, Ilpeanmonaraemasn o6man A03a, monyuaeMası OPTaHH3MOM B pesyn1bTare 3ToA npo- 
ueAypbI, COCTaB1AeT MeHee | pana. ]osa ceneHna CocTaBNnAeT HeCKONbKO MHKPOTPaMM H He nipen- 
CTAaBNAeT OMACHOCTH B OTHOWEHHH TOKCHUHOCTH. 


EXPLORACIÖN DEL PÄNCREAS CON SELENOMETIONINA-SSe, Los aminoäcidos tienden a localizarse 
en el päncreas durante las primeras horas que siguen a su administraciön. Esta especificidad estä relacionada 
con la rapidez de la sintesis y de la renovaciön de las enzimas digestivas. Como ninguno de los elementos 
que componen los aminoäcidos (C, H, N, O y S) tiene isötopos emisores de rayos gamma apropiados, no es 
posible recurrir a ellos para la exploraciön centelleogräfica. Los autores prepararon y ensayaron varios derivados 
de aminoäcidos marcados con 131], pero en todos los casos comprobaron la desapariciön de la propiedad de 
localizarse en el päncreas caracteristica del aminoäcido original. La semejanza qufmica entre el selenio y el 
azufre sugiriö a los autores la posibilidad de que el anälogo seleniado de la metionina se pareciese a &sta lo 
suficiente para poder sustituirla en la sintesis proteica. El selenio-75(periodo: 128 d; rayos gamma principales: 
0,27 MeV) es adecuado para la exploraciön. 

La selenometionina-75Se fue preparada biosint&ticamente mediante levaduras. Estas levaduras se culti- 
varon en un medio con poco azufre que contenia 75Se de alta actividad especifica, en forma de selenito. El 
residuo proteinico extrafdo con &ter y äcido triclorac&tico en caliente, se hidrolizö con äcido clorhidrico. 
La mezcla de aminoäcidos obtenida se separö por cromatograffa en columna. 

La selenometionina-75Se as preparada tiene las propiedades biolögicas de un aminoäcido natural. EI 
päncreas absorbi6 el 7%, aproximadamente, de la dosis administrada y la concentraciön por gramo de tejido 
fue siete veces mayor en el päncreas que'en el higado. Menor aün que en &ste fue la concentraciön en la 
sangre y en otros Örganos. 

Los autores estän ahora evaluando la utilidad clinica de la exploraciön del päncreas. Han comprobado 
que los tumores del päncreas constituyen zonas de absorciön disminuida. En los casos de pancreatitis aguda 
no se produce concentraciön de selenometionina. Serfa prematuro estimar estadisticamente la posibilidad 
de aplicar esta t&cnica para descubrir tumores del päncreas. Se estima que la dosis corporal total imputable 
ala aplicaciön de este procedimiento es inferior al rad. La dosis de selenio es de algunos microgramos 
solamente y no entrafia ningün riesgo de toxicidad. 
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INTRODUCTION 


In the 5 yr since the first IAEA conference, medical radioisotope scan- 
ning has grown from a research interest to a commonly employed clinical 
diagnostic procedure. This advance is principally a reflection of the wide- 
spread availability of sophisticated scanners equipped with large, well- 
shielded crystals, focusing collimators, and effective data-presentation 
systems. The improvements in instrumentation have been accompanied 
by a search for new and better radioactive compounds with suitable organ 
or tissue specificity. To the original brief list of organs scanned (thyroid, 
liver and brain) we must now add kidney, spleen, heart, lung, bone and 
pancreas. 

This paper summarizes our work in the development and use of Se?ö- 
selenomethionine for pancreas scanning. 


THE SEARCH FOR A PANCREAS SPECIFIC AGENT 


Investigators searching for pancreas specific agents always start in the 
same place: ionic Zn6°. For some reason or other a mythology has grown 
up about the remarkable specificity of zinc for the pancreas. A few distri- 
bution studies quickly show that this "specificity'' is shared by many organs 
including liver and kidney. Complexing agents and pre-loading with zinc 
improve the distribution somewhat [1], but the specificity is still inadequate 
for scanning. ; 

Berberine, an alkaloid prepared from colombo root, was reported to 
have a very high pancreas selectivity [2]. When the abdominal organs of 
berberine-injected rats were examined under ultraviolet light, only the pan- 
creas showed the characteristic bright yellow berberine fluorescence. We 
prepared a radioactive derivative of berberine, but this had no pancreas 
specificity [3]. To eliminate the possibility that chemical changes during 
the labelling procedure altered the biological properties of the berberine, 
the radio-assays were followed by a series of distribution studies in which 
the berberine was measured spectrophotometrically. We never found more 
than 1% of the injected berberine in the pancreas. In-addition thin sections 
of liver, kidney, spleen and pancreas were examined by fluorescence 
microscopy. The amounts of berberine visible in all tissues were com- 
parable to that in the pancreas. We concluded from these experiments that 
berberine has no pancreas specificity. The localization apparent by gross 
fluorescence was due to quenching of the fluorescence in other organs but 
not in the pancreas. The high sensitivity of fluorescence observations can 
be very misleading. 

Another non-productive approach to pancreas localization was the use 
of localizing antibodies. Antibodies to a specific rat tissue (kidney, liver, 
or lung) can be prepared by the immunization of rabbits with various tissue 
fractions. These antibodies, purified and labelled with Il31, show remark- 
able specificity when injected into rats. Up to 50% of the injected dose can 
be found in the target organ. However, in spite of many attempts, using 
a variety of pancreas antigens (whole homogenate, sediment, mitochondria, 
lipid extracts), we were unable to prepare an antibody with even modest 
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in vivo pancreas specificity. This failure is probably due to the relatively 
small blood flow through the pancreas compared with the flow through the 
liver, kidney and lung. Even small amounts of cross-reacting antigens in 
these organs result in uptake of the circulating antibody before appreciable 
flow through the pancreas has occurred. 

Another possible localizing agent is the pancreas-stimulating hormone 
secretin. This hormone is a polypeptide with a molecular weight of about 
3000. It cannot be iodinated directly, but a radioactive derivative was pre- 
pared by coupling with I!31 p-iodo benzoate groups. One or two prepara- 
tions did show definite pancreas specificity. Because of the delicate nature 
of the hormone, we were unable to repeat these results with any regularity. 
It seems possible that a gentler tagging procedure might result in a usable 
pancreas specific agent. 


AMINO ACID UPTAKE IN PANCREAS 


The uptake of amino acids by the pancreas has been recognized for some 
time A]. It has been shown that the high degree of concentration in the pan- 
creas during the first few hours after administration is related to the syn- 
thesis of the digestive enzymes [5]. These enzymes do not represent a large 
portion of the total protein in the body at any given time. However, thevery 
rapid utilization and destruction of the digestive enzymes compared with 
other body proteins accounts for the high rate of synthesis. 

Table I shows the pancreas uptake and pancreas-to-liver concentration 
ratios for three amino acids. The uptake of cystine and methionine is quite 
high. The specificity of tryptophan is remarkable, especially since the D, 
L mixture was used instead of the natural L form. Also listed in Table I 
are data for a few readily available amino-acid derivatives. It can be seen 
that external substitution on the amino-acid molecule destroys the pancreas- 
localizing properties. The 5-OH-tryptophan maintains a good concentration 
ratio but the total amount localized in the pancreas is only one-tenth that 
of the parent compound. It is possible that other substituted tryptophans 
might retain adequate pancreas uptake, but these derivatives are difficult 
to prepare and none were available for testing. 


Se75-1L-SELENOMETHIONINE 


From the studies on externally substituted amino acids it seemed clear 
that to take part in the synthesis of the digestive enzymes a pancreas- 
specific amino acid would have to be internally labelled. Unfortunately none 
of the elements in the structure of amino acids (C, H, N, O, S) have iso- 
topes with physicalcharacteristices suitable for scanning. The chemical simi- 
larity of selenium and sulphur suggested that the selenium analogue of me- 
thionine (with selenium substituted for sulphur within the molecule) might 
resemble methionine closely enough to take its place in protein synthesis. 
There is an isotope of selenium, Se”7> (half-life, 128 d; principal gamma-ray 
energy, 0.27 MeV), whichis suitable for scanning. 


PANCREAS SCANNING 279 
TABLE I 


PANCREAS LOCALIZATION OF AMINO ACIDS AND 
DERIVATIVES* 


Amino acids Dose in pancreas Pancreas 
el DER. 

(%) Liver (per 8) 

c! -L-methionine 

S 95 -]-cystine 


c!* -D, L-tryptophan 


Derivatives 


c!* -50H-L-tryptophan 


N-1!®! acetyl-tryptophan 


11?!-mono iodo-L-tyrosine 


* In rats, 1 h after intravenous administration. 


SeT°-L-selenomethionine was prepared by yeast biosynthesis [6]. The 
yeast is grown on a low sulphur medium containing high specific activity 
Se75 as selenite. The Se'® is picked up by the yeast cells, converted to sele- 
nomethionine and incorporated into protein. The cells are harvested and 
after extraction with ether and hot trichloroacetic acid the protein is hydro- 
lyzed with hydrochloric acid. The selenomethionine is separated by column 
chromatography on Dowex-50. High specific activity selenomethionine is 
very sensitive to oxidation and an antioxidant (B-mercaptoethylamine) is 
used during the preparation and in the final selenomethionine solution. 

The distribution of Se’®-L-selenomethionine in dogs is shown in Tablell. 
The pancreas uptake and specificity are characteristic of a natural amino 
acid with about 7% of the injected dose in the pancreas and a concentration 
ratio of eight times as much selenomethionine in a gram of pancreas asin 
agram ofliver. Figure 1 shows the time course of the pancreas localiza- 
tion of Se7°-L-selenomethionine in mice. The uptake is quite prompt, with 
a maximum reached in the first 3 h. This peak is maintained for 4 h and 
then the selenomethionine gradually leaves the pancreas as the digestive en- 
zymes are secreted. The mice had no access to food. 

In cats cannulated for the collection of pancreatic juice, selenomethio- 
nine was directly incorporated into the digestive enzymes with no prior me- 
tabolic change [7]. The selenomethionine was synthesized into the enzymes 
at the same rate and in the same manner as methionine. 

As a gamma-emitting amino acid with the biological behaviour of natural 
amino acids, Se’75-L-selenomethionine has possible applications quite apart 
from the pancreas studies. For example it has been shown that Se’5-L- 
selenomethionine and S35-L-methionine are actively transported across the 
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TABLE II 


Se 75-L-SELENOMETHIONINE DISTRIBUTION * 


11.4 oT 
81 10.0 


* In dogs, 2 h after subcutaneous injection. 


% Dose in 
total organ 


% Dose/g pancreas 
% Dose/g organ 


N 


{63} 


%DOSE IN PANCREAS 
> oa 


ol 


o | 2 3 4 5 6 7 8 9 IO 
TIME (HOURS) 


Fig. 1 


Uptake of Se’° -L- selenomethionine in the mouse pancreas 


intestinal wall at exactly the same rate [8] and therefore Se?’ -L-selenome- 
thionine could be used as a convenient indicator of amino-acid absorption 
from the gut. Similarly, proteins containing Se7’5-L-selenomethionine would 
be a useful test material for protein digestion. Unlike 1131 albumin, the 
radioactivity could not be separated from the protein without digestion. Using 
electrophoretic techniques we have been able to follow the incorporation of 
Se75-L-selenomethionine into the various plasma proteins and the metabolic 
turnover of the various fractions with time. The results are essentially 
the same as those with S35-methionine but the measurement techniques are 
much simpler. Se75-L-selenomethionine can be used for the visualization 
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by scanning of other organs. We have been able to scan the prostate and 
parotid glands and visualization of the parathyroids has been reported 9]. 


RADIATION DOSIMETRY 


The precise dosimetry of a radioactive compound with a changing dis- 
tribution is extremely difficult to determine. In the case of Se75-L- seleno- 
methionine reasonably accurate estimates are possible when the following 
assumptions are made, When injected the radioactivity is taken up into the 
various protein synthesis systems. The principal initial localization is in 
pancreas (7%) and in liver (10%). The pancreas uptake is into the digestive 
enzymes which are secreted into the gut at the next meal. These enzymes 
are themselves digested and recycled. The liver uptake is principally into 
the plasma proteins being synthesized at the time of injection and these leave 
the liver within a day to enter the general circulation. Following the initial 
distribution there is extensive recycling of the isotope but no localization 
in any particular organ or tissue. The distribution after the first day can 
be considered as essentially total body. For the most part the radiation 
dose is from gamma rays and local concentrations do not play an important 
role in the dose considerations. 

The biological half-life has not been accurately determined in humans. 
In the rat it is about 20 d but. there is evidence that it is appreciably longer 
inman. The best evidence’ available at this time indicates a biological half- 
life of about 100 dd. 

The gamma-ray dose constant for Se’, calculated for the seven gamma- 
ray energies with abundances above 0.5%, is 1.56 r/mc-hat i1cm. In ad- 
dition the short-range radiation from X-rays and conversion electrons has 
been estimated at 0.0105 MeV per Se’75 disintegration [10]. 

Using these physical and biological factors the following integrated doses 
have been calculated, based on a routine scanning dose of 3 uc/kg: 


Total body dose =ue1 987 

Extra dose to pancreas ZEE0R06Er 
Extra dose to liver EEE 00525 
Highest total body dose rate = 0,11 r/week 


These doses, while not insignificant, are well within the range considered 
acceptable for diagnostic procedures. 


SELENIUM TOXICITY 


Se75-L-selenomethionine can be prepared with a specific activity of 
10-20 mce/mg. The dose of selenium given with a standard scanning dose 
(200 uc) is only a fraction of a milligram. This is several orders of magni- 
tude below the toxicity level and represents no hazard. We have observed 
no adverse reactions in over 200 injections. 
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SCANNING PROTOCOL 


In order to improve the uptake of Se75-L-selenomethionine in the pan- 
creas and decrease the secretion of the radioactive pancreatic juices before 
scanning is completed, the following protocol has been evolved: 


8.00 a.m. Breakfast: 2 glasses of milk only 

11.00 a.m. Cecekin Vitrum (1 unit/kg) intravenously 

12,00 noon 3 uc/kg Se75-L-selenomethionine, intravenously, 
and 15 mg Probanthine, orally. 

A) 05T Start scanning, 


When it is necessary to establish the position of the liver margin, a liver 
scan using colloidai Aul98 is done a day or two after the pancreas scan. We 
have experimented with many protocol variations and find that this one gives 
the most consistently satisfactory scans. 

A light protein breakfast is required to provide the other amino acids 
for the synthesis of the digestive enzymes. When selenomethionine is given 
after overnight starvation, the liver uptake is enhanced and the pancreas 
uptake decreased. Presumably, even in mild protein deficiency, the syn- 
thesis of the plasma proteins takes precedence over the digestive enzymes. 
Heavy protein meals must be avoided to prevent the possibility of continued 
stimulation of pancreatic secretion during scanning. 

Cecekin Vitrum is a preparation of intestinal hormones containing chole- 
cystokinin, secretin and pancreozymin. In pancreas scanning it is used to 
empty the pancreas of enzymes, thus stimulating the synthesis of new pro- 
teins. Both secretin and pancreozymin are necessary for full enzyme secre- 
tion. The cholecystokinin activity is not required, but Cecekinis the only 
commercial preparation containing both pancreas-stimulating hormones. 
In cases of acute pancreatitis where pancreas stimulation is contra-indicated 
the Cecekin is not used. 

One hour after the emptying of the pancreas the Se’°- L-selenomethionine 
is given. At this point the pancreasis synthesizing fresh digestive enzymes 
at a maximum rate and there is no longer any danger of stimulation from 
residual Cecekin activity. Probanthine, an anti-cholinergic drug, is given 
orally just after the selenomethionine injection. When absorbed it helps 
to prevent the newly formed radioactive digestive enzymes from leaving 
the pancreas during scanning. 


CLINICAL RESULTS 


The clinical usefulness of pancreas scanning is now being evaluated. 
It is much too early to draw accurate conclusions from the data, but a pre- 
liminary estimate is possible. 

Over 150 scans have been done. The scanning protocol described above 
was used in only 58 of these patients. Table III presents the diagnostic re- 
sults in these cases. Most of the patients referred for scanning complained 
of vague epigastric distress. The scans were interpreted without know- 
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TABLE III 


CLINICAL RESULTS 


Pancreas scan interpretation 


Were 


Normal 
Tumour, intrinsic 


Tumour, extrinsic 


Pancreatitis, active 


Pancreatitis, inactive 


Total scans evaluated 34 
Insufficient time for follow -up 16 
Technically unsatisfactory 8 

Total 98 


ledge of the clinical evaluation or access to the results of other diagnostic 
tests. 

Interpretable scans were obtained in 85% of the cases. Half of the tu- 
mours were not found on the scans, but no false positive results were re- 
ported. With active pancreatitis the failure to take upSe75-L-selenomethionine 
was diagnostic in every case. Inactive pancreatitis produced little or no 
inhibition of pancreatic uptake. One case of distortion of the pancreas out- 
line by an extrinsic mass was correctly diagnosed. Because of the short 
follow-up many cases cannot be evaluated at this time. 

Results similar to these have been reported from other laboratories 
Kalle 

The pancreas scans have provided information helpful in the manage- 
ment of many patients, particularly by ruling out pancreatite as a possible 
diagnosis. With increasing experience in interpretation it is expected that 
this procedure will become even more useful. Figures 2-7 show select”d 
pancreas scans. 


SUMMARY 


The selenium analogue of methionine, Se’°-L-selenomethionine, re- 
tains the pancreas specificity characteristic of natural amino acids. This 
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ER 


Fig. 2 


Normal pancreas scan 


Fig. 3 


Normal pancreas scan 
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Fig. 4 


Pancreas scan showing lack of pancreas uptake in pancreatitis 


Fig. 5 


Pancreas scan showing tumour deficit in head of pancreas 
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Fig. 6 


Pancreas scan showing tumour deficit in body of pancreas 


specificity is adequate for pancreas visualization. The scans provide useful 
information in benign and malignant disease of the pancreas. 


[1] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
[12] 
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Fig. 7 


Pancreas scan showing distortion of body of pancreas by extrinsic mass 
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RADIOISOTOPE SCANNING OF THE PANCREAS 
WITH SELENOMETHIONINE- Se’75 


D.B. SODEE 
DOCTORS HOSPITAL AND RENNER CLINIC FOUNDATION, 
CLEVELAND HEIGHTS, OHIO, UNITED STATES OF AMERICA 


Abstract — Resume — Annotauns — Resumen 


RADIOISOTOPE SCANNING OF THE PANCREAS WITH SELENOMETHIONINE- Se’5, Photoscanning of 
the pancreas utilizing selenomethionine- Se’5 has recently been shown to be a practical technique. In a series 
of 100 patients who underwent 250 such photoscans, the pancreas was visualized in 90% of the cases. The 
physiological stimulation of the pancreas was found to be the most important factor in pancreatic 
selenomethionine- Se75 concentration. Utilizing a 30-g protein meal, Physiological stimulation of the pancreas 
was begun one hour before the intravenous administration of 3 to 4-uc/kg selenomethionine-Se’5. Fifteen 
minutes later continued stimulation of the pancreas was ensured by the oral administration of 900 ug of glutamic 
acid hydrochloride. Before scanning the pancreas, a $ -in curved lead shield was placed over the liver bed 
previously outlined by an Aul% liver scan. This lead shield blocks the radiation from the concentration of 
selenomethionine- Se’° in the liver that in the past impaired accurate delineation of the pancreas. 

The authors have recently utilized a 5-in by 3-in crystal and a 121-hole lead collimator with a 5-in 
focal distance. This has further improved delineation of the pancreas and, as the technique is perfected, 
smaller lesions at greater depths may be visualized. 

The results show that pancreatic carcinoma does not concentrate selenomethionine-Se’5 as well as normal 
tissue. Five of six patients with pancreatic carcinoma had their disease correctly interpreted by this procedure. 
The smallest carcinoma not visualized was obscured by an enlarged liver. Acute and chronic pancreatitis 
are also confirmed by the pancreatic scan as the impaired cells of the pancreas do not concentrate 
selenomethionine- Se”S, 

The author also reports selective uptake of selenomethionine-Se’5 by parathyroid tissue. Utilizing the 
same scanning technique parathyroid adenomas in a small group ofhyperparathyroid patients have been visualized. 

Photoscanning of the pancreas is already a practical technique and an investigation of photoscanning 
of the parathyroid is now being undertaken. With the renewed interest in organs that previously could not be 
visualized by standard radiographic techniques, selective organ scanning, by means of labelled compounds 
chosen for their biochemical properties, becomes an important technique of the future. 


GAMMAGRAPHIE DU PANCREAS A L'AIDE DE LA SELENOMETHIONINE-75Se. On a d&montr& recemment 
que la photo-gammagraphie du pancr&as A l'aide de selenomethionine- Se Etait une methode pratique. Chez 
un groupe de 100 sujets qui avaient subi 250 photo-gammagraphies de ce genre, le pancr&as a EtE visualise 
dans 90% des cas. On a constat€ que la stimulation physiologique du pancr&as constitue le facteur le plus 
important de la concentration de la selEnom&thionine-75Se dans cet organe. L’ingestion de 30 g de prot&eine 
avait declench& la stimulation physiologique du pancr&as une heure avant l'injection intraveineuse de 3 A 
4 uc de sel&nom6&thionine-75Se par kilogramme. Un quart d’heure plus tard, cette stimulation Etait rendue 
constante par administration buccale de 900 ug de chlorhydrate d'acide glutamique. Avant la gammagraphie 
du pancr&as, un €cran courb€ en plomb de 0,95 cm d'Epaisseur a er plac& au-dessus de la region hepatique 
pr&alablement determine par gammagraphie du foie a l'aide de 198Au. Cet Ecran arrete le rayonnement Emis 
par la selenom&thionine-"°Se concentree dans le foie, qui emp£chait autrefois de d&limiter le pancr&as avec 
precision. 

L'auteur a utilise recemment un cristal de 12,5 x 7,5 cm et un collimateur en plomb A 121 canaux 
ayant une distance focale de 12,5 cm. Il est ainsi parvenu a d@limiter le pancr&as avec plus de pr&cision; 
en perfectionnant ce proc&de, il sera peut-£tre possible de «voir> des l&sions moins importantes a des profondeurs 
plus grandes. 

Les r&sultats montrent que les carcinomes du pancr&as ne fixent pas la sel&nom£thionine- 75Se aussi bien 
que le tissu normal. Gräce A cette methode, on a pu d&terminer le caractere cancEreux de tumeurs pancr&ati- 
ques chez cinq des six personnes examin&es. La plus petite de ces tumeurs, qui n'a pu &tre rendue visible, 
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se trouvait cach&e par un foie hypertrophie. La gammagraphie du pancr&as permet @galement de d&terminer 
les pancr&atites aigu&s et chroniques du fait que les cellules atteintes ne retiennent pas la selenorme&thionine-75Se. 

L'auteur signale en outre une fixation selective de selEnome&thionine-75Se dans le tissu parathyroidien. 
En faisant appel A la m&äme methode d'exploration, il a pu observer des adEnomes de la parathyroide chez 
un petit groupe de personnes atteintes d'hyperparathyroidie. 

La photo-gammagraphie du pancr&as constitue d’ores et dEja une me&thode pratique; on Etudie actuelle- 
ment la possibilit€ de l'appliquer A la parathyroide. Etant donne le regain d'inter&t dont beneficient les 
organes que l'on ne parvenait pas A visualiser par les proc&d&s radiographiques ordinaires, la gammagraphie 
des divers organes A l’aide de compos&s marques, choisis pour leurs proprietes biochimiques, est appel&e a un 
bel avenir. 


IMATHOCTUUYECKOE $OTOCKEHHUPOBAHNHE NONKEIIYIOYHON KENIESBI. HenasHo 
61 NO MOKA3aHO, YTO BOTOCKEHHHPOBAHHE NONKENYAOUHOÄA Kene3bl C NOMOLIBE CEeJIeHOMETHOHHHA, 
MeyeHHoro Se , ABNIAETCH IPaKTUYecKUM MeTonoM. Y 90% ns 100 60nBHBIX, y KOTOpbIX 6BL1O 
nonyueHo 250 rIOAO6H5IX BOTOCKeHHOTPAMM, MOXHO ÖbI1IO OTYETIHBO BUAETB NOAKENYAOYUHYyP xKe- 
neay. Bbino 06HapyxeHo, UTO BHSHONOTHYeCcKaA CTUMYNALHA TIOAKENYAOUHOH Kenesbl ABNAETCHA 
TNaBHbIM BaKTOPOM KOHUEHTPAUHN CeneHOMEeTHOHHHa—-SeT3 B MOoAKenymouHoA Kenese. 3a yac 
AO BHYTPUBEeHHOTO BBeNeHHA B OPTaHuaM 3-4 MKK/KT CeneHoMeTHOHHHa-SeT5c noMouIbRm 30 TpaMm- 
MOB ÖenKoBoH IIHUIM ÖbIna HayaTa BUSNHONOTMYeCcKaA CTUMYNIAUHA NONKEeNyAOo4HoA xenestI. 4epes 
15 MuUHYT Öblna NOCTHUTHYTa HeripepbIBHaA CTUMYNAUKHA MOAKENYAOUHOÄ Kenesbl IyTeM BBeneHusn 
yepe3 por 900 MKT THAPOXNOPHAa TNYTaAMHHOBOÄ KUCNOTBI. JO CKeHHHPOBAHHR NOAKENIyAOYHOA 
Kene3bl HaA O6NACTbI TIeEYEeHH, IPenBapHTenbHO ONpeneneHHoN IIPH CKeHHMHPOBAHHUNH C TIOMOUIBE 
sonora-198, 6bI1 MOMeuleH HSOTHYTbIM 3allMTHEIM 3KpaH M3 CBHHUa pasMepoM 0,9cM. DToT 3KpaH 
6NOKHPYEeT BOSHHKamLIeE B Pe3yNbTaTe KOHLUEHTPAUHH CeNeHOMETHOHHHa —-SeT® B eyeHH H3nyyeHHe, 
KOTOpoe B IIPOWNOM Mellallo TOUHOMYy ONpeneneHHm KOHTYpa NOAKENyAO4UHOH Kenesbl. 

HeaaBHo aBTOpbI HCNONB3OBAaNM KpkcTann pasMepoM 12,5 X 7,5 cM u 121-KaHanbHblä CBHHLUO- 
BbIM KOANMIMHMATOP C BOKYCHbIM paccToaHuneMm 12,5 cM. ITo yAy4WMMO KayecTBo UH306paxeHnn, 
NH TIO Mepe yCoBePplIEHCTBOBAHHA METOAHKN MOXHO ÖyAeT, BEPOATHO, BHAeTb MeHbIIHe NOBpexAeHHufn 
Ha 6onbweii rnyÖnHe. 

Okasanocb, YTO KaplIHHOMa NOAKENYAOUHOH Kele3bl KOHUEHTPHPYeT CeneHoMeTuoHuHa—Se” . 
xyXe, UeM HOpManbHaA TKaHb. C NIOMOLBE 3TOAM METOAHKH yAanockb MPaBHNBHO HCTONKOBATb 3a- 
6oneBanne y 5 n3 6 6ONBHbIX, CTPanaWwuUIMX KaplIHHOMONÄ NOAKENYAOUHOH xKenesptl. Hemonnamumeca 
o6HapyxeHHuHm Menbyaflime KapUMHOMAaTO3HbIe Y3nbI ÖbINM SATEMHEHEI YBenMYEeHHON NeyeHbmw. u- 
aTHO3 OCTPOTO H XPOHHYEeCKOTO NAHKPEAaTHTa TaKxe MOATBEPKAAETCA CKeHHHPOBAHHEM NOAXKE- 
AyAOYHOA Kene3bl, NOCKONBKyY MOBPexKACHHbIe KIIETKH NOAKENYXKOUYHOÄH Kelle3bl HE KOHUCEHTPHPYET 
CEeNEeHOMETHOHHH — Se75, 

ABTOp TaKxe OfNMCbIBaeT H36HPaTenbHOEe NOTNOWMEHNHEe CeNeHOMETHOHUHA—-SE’5 TKaHbR nmapa- 
LIMTOBHAHON Kene3sbl. C TIOMOMBE I9TOTO Ke MeTOANa CKeHHHPOBAHHN ÖbIIIM OÖHapyXKEHBI ANEHOMBI 
mapauıMToBHAHOÄ xenesbl y He6ONBUON TpynnsI 6ONbHBIX C MOBbINIEHHOÄ DYHKUMEeH MapauıHToOBHA- 
HOÄ xKenesbl. 

®OTOCKEHHNPOBAHHE NIOAKENYAOUHOH Kejlesbl YyKE ABNAETCH IPAKTHYECKUM METOAOM, U B 
HACTOAUIEE BPeMA BENETCA HSyYeHHe BOTOCKEeHHHPOBAHHNF NAPauIMTOBHAHON xXenesbi. Hapany c 
BHOBB IIPO6yAMBUIMMCA UHTEePEeCOM K OPFaHaM, KOTOpble ÖbIJIM HEBHAUMbI PH OÖBIYHEIX paanorpa- 


$nuecKux MeTonax, ceJleKTHBHOE CKEHHHPOBAHHE OPTAaHOB C IIOMOLUBPR COeAHHEeHHÄ,CONEPKauımxX 
MeMeHble aTOMbI H NOAO6PAaHHEIX TO HX ÖHOXeMHYECKUM CBOHCTBAM, CTAHOBATCA BAXHbBIM METOAOM 


6yayuero. 


GAMMAGRAFIA DEL PÄNCREAS MEDIANTE RADIOISOTOPOS. La eficacia de la fotoexploraciön del 
päncreas utilizando selenometionina-75Se ha sido recientemente demostrada. Se han efectuado 250 foto- 
exploraciones de ese tipo en una serie de 100 pacientes y el päncreas se ha visualizado en el 90% de los casos. 
Se ha observado que el estfmulo fisiolögico del päncreas es el factor mäs importante en la concentraciön 
pancreätica de la selenometionina-"°Se. Administrando 30 g de comida proteica, el estimulo fisiolögico 
del päncreas empezö una hora antes de inyectar por vfa intravenosa de 3 a 4 uc/kg de selenometionina-75Se, 
Quince minutos despu&s se logrö el estimulo continuo por administraciön oral de 900 ug de clorhidrate de 
äcido glutämico. Antes de proceder a la exploraciön se coloc6 un blindaje de plomo de 3/8 pulg de espesor, 
adaptado a la regiön hepätica previamente delimitada por una exploraciön del higado mediante 198Au. Este 
blindaje intercepta la radiaciön emitida por la selenometionina-75Se concentrada en el higado, radiaciön 
que antes impedfa la delimitaciön exacta del päncreas. 
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El autor ha utilizado recientemente un cristal de 5x 3 pulg y un colimador de plomo de 121 canales, 
con una distancia focal de 5 pulg. Este instrumento ha permitido mejorar la delimitaciön del päncreas y 
localizar lesiones mäs pequefias situadas a mayor profundidad. 

Los resultados obtenidos demuestran que la concentraciön de la selenometionina-75Se es menor en los 
carcinomas pancreäticos que en el tejido normal. Examinados con esa t&cnica seis pacientes afectados de 
carcinoma pancreätico se diagnostic6 correctamente le enfermedad en cinco casos. El carcinoma mäs pequefio 
que no pudo visualizarse estaba ocultado por el higado hipertrofiado. La exploraciön pancreätica permite 


tambien confirmar la pancreatitis aguda y crönica, ya que las c&lulas lesionadas no concentran 
la selenometionina-75Se. 

El autor trata ademäs de la concentraciön selectiva de la selenometionina-75Se en el tejido paratiroideo. 
Con la misma tEcnica de exploraciön se han visualizado adenomas paratiroideos en un pequefio grupo de 
enfermos de hiperparatiroidismo. 

La fotoexploraciön del päncreas es ya una tEcnica de uso corriente; actualmente se estudia la posibilidad 
de una fotoexploraciön de la paratiroides. Debido a la mayor importancia me&dica atribuida a örganos que 
antes no podian visualizarse con las tEcnicas radiogräficas tradicionales, la exploraciön selectiva de örganos 
por medio de compuestos marcados, elegidos segün sus propiedades bioquimicas, va adquiriendo cada vez 
mayor importancia. 


Pancreatitis and pancreatic tumour are disease processes that are dif- 
ficult to diagnose by standard clinical laboratory determinations and radio- 
graphic techniques [1,2]. Early diagnosis of carcinoma of the pancreas is 
seldom accomplished by such methods and by the time the presence of 
tumour is known there is little chance for cure, even by surgery. The high 
morbidity and mortality of pancreatic disease, and the difficulties in diag- 
nosis by standard methods, have stimulated considerable interest in radio- 
isotope methods of visualization of the pancreas for clinical diagnosis. 

Radioactive zinc has been evaluated [3] because of the relative high zinc 
‚content of the pancreas; however, the physical properties of the commonly 
used isotope of the element (Zn®5) apparently make its use as a pancreatic 
localizing agent not feasible. 

The high concentrations of amino acids in the secretions of the pancreas 
are well known. In 1961, BLAU [4] in an original technique utilized a com- 
mon amino acid, methionine, to develop a new radiopharmaceutical seleno- 
methionine-Se?5 ]abelled with a gamma-emitting radioisotope. Se’5has ex- 
cellent scanning characteristics as 79% of its disintegrations are in the 
range of 279 keV and there is no beta emission [5]. In animal studies, BLAU 
and MANSKE [6] showed that slightly less than 10% of the administered dose 
of selenomethionine-Se’3 localized in the pancreas and that the concentration 
of the radioactivity in the pancreas per gram is approximately nine times 
that found in the liver. In 1962, BLAU and BENDER [7] reported the clinical 
use of selenomethionine-Se’® for scanning of the pancreas in a small series 
of patients, with visualization of pancreas in the majority of cases. 

During the past year we have investigated Se’®* as an agent for radio- 
isotope scanning of the 'pancreas in clinical diagnosis. At first, we fol- 
lowed the protocol outlined by BLAU and BENDER [7] but we encountered 
some technical difficulties in its use. 

We have since devised an entirely new technique in the use of this com- 
pound which has not only provided visualization of the pancreas but offers 
considerable promise as a practical procedure for the diagnosis of pan- 


* Supplied through the courtesy of Dr. Paul Numerof of E.R. Squibb & Sons. 
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creatic tumour and pancreatitis, both on an in-patient and an out-patient 
basis. This report describes our clinical experience in the use of seleno- 
methionine-Se75 for radioisotope scanning of the pancreas. 


RADIATION CHARACTERISTICS AND DOSIMETRY OF 
SELENOMETHIONINE- Se’?5 


Se75 has no beta radiation, and has a primary gamma energy of 279 keV. 
The physicalhalf-lifeof Se’öis 128 d. The biological half-life of seleno- 
methionine-Se’Sis 23 d. As utilized in our protocol described, the effec- 
tive half-life of selenomethionine-Se’5 in the pancreas is approximately 24 h. 
The whole-body radiation dose using 250 uc of selenomethionine-Se’5 is ap- 
proximately 0.9 rad. The radiation dose to the pancreas is 0.2 rad. The 
following are the y-ray dose calculations for 250 uc intravenous seleno- 
methionine-Se”°: 


Total y-ray dose, D,(rad) = concentration (nc/g) X effective half-life, 
Tr (days) [0.0346 X geometrical factor Xy-ray dose constant] 


Pancreas: 
15 
D(y) "350 >EL020340X43 PDA rad 
Whole body: 
D( ale 0346 x126xX2.1]=0.99 d 
Y 70 000 Ä E =0. Trade 
RATIONAL 


The original protocol of BLAU and BENDER [7] for scanning of the pan- 
creas with selenomethionine-Se?75 called for an overnight fast, two glasses 
of skim milk for breakfast the next morning, followed in 3 h by the intra- 
venous injection of 70 dog units of Cecekin (Vitrum, Sweden), which is a 
mixture of secretin, pancreozymin and cholecystokinin. One hour later 
selenomethionine-Se75 was administered intravenously in a dose of 3.5 uc/kg 
of body weight and the scan was started 1 h after injection. With this tech- 
nique these investigators obtained visualization of the pancreas in two-thirds 
of the subjects scanned. 

During the initial phase of our investigation the protocol of Blau and 
Bender was followed in 25 scanning procedures, but we had less success 
then they with this technique. For large organ scanning we found that better 
scans were obtained if the concentration of isotope in the organ was kept 
more constant. With the early protocol, Cecekin stimulated the pancreas 
to secrete the tagged enzymes rapidly and therefore the radioactivity was 
secreted towards the head of the pancreas and into the intestine so that pan- 
creatic differentiation was poor. The transit time for the selenomethionine- 
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Se75 was approximately 2h. Furthermore, Cecekin is a mixture of duodenal 
hormones, and we found that in addition to stimulating the pancreas it also 
stimulated the liver and the gall-bladder maximally with resulting increased 
uptake of selenomethionine-Se75 by these organs. 

Due to the anatomical relationships of the liver, gall-bladder and pan- 
creas this high uptake »f radioactivity by the liver made pancreatic scanning 
more difficult. In the majority of cases, the liver is in close proximity 
to the pancreas, and using our commercial scanner, penetration of the lead 
side shielding by the 0.411-MeV y-rays of Se75 in the liver distorted the pan- 
creatic scan. Furthermore, the large concentration of Se75-methionine in 
the liver made it technically difficult to bring out small variations of con- 
trast in the pancreas. 

For the above reasons, we have made the following changes in the pro- 
tocol for pancreatic scanning with selenomethionine-Se”5: 

1. To stimulate the pancreatic uptake of selenomethionine-Se75 the 
fasting patient receives a high protein meal containing 30 g of protein and 
less than 0.5 g of fat and carbohydrate (see Table I). One hour later, 250 uc 
of selenomethionine-Se’5 is administered intravenously; 15 min later 900 mg 


TABLE I 


A HIGH PROTEIN MEAL TO STIMULATE PANCREATIC 
UPTAKE OF SELENOMETHIONINE-Se?5 


Amount Protein content Fat content 
Item 
(8) (9) (d 


Skimmed milk 
powder 


Strained veal 


Water 


Note: 218g of formula, containing 30.1g of protein and 0.49 g of fat are used for each 
test. 


of glutamic acid hydrochloride is given orally. The hydrochloric acid 
portion stimulates the secretion of the small intestine, thereby enhancing 
Se’5-methionine incorporation into pancreatic tissue [1, 2,3]. 

2. Ifthe liver is enlarged over the pancreas,the pancreas is not well 
visualized by scanning methods because of the concentration of seleno- 
methionine-Se’5 in the liver. Since there is no reason to visualize the lıver 
at the time of the pancreatic scan, malleable lead shielding made of three 
thicknesses of 1/8-in lead is placed over the liver whose site has been PLe= 
viously determined by a liver scan utilizing colloidal Au!9®, As the najority 
of energetic y-radiation is stopped by the lead shielding, the selenomethio- 
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nine-Se75 concentrated in the liver no longer greatly interferes with the scan- 
ning of the pancreatic area. 


METHODOLOGY 


A total of 61 patients took part in this investigation. They included both 
hospitalized patients and those who were seen at this clinic as out-patients. 
In the majority of cases the following procedure was used. Before the sche- 
duled scanning of the pancreas a liver scan was performed with colloidal 
Aul98, On the morning of the pancreatic scan, the patient reported to the 
clinic without breakfast and was administered a cold blended high-protein 
meal. One hour after the high protein meal, 250 uc of selenomethionine-Se”75 
were administered intravenously. Fifteen minutes later the patient was given 
orally 900 mg of glutamic acid hydrochloride. The scanning procedure was 
then attempted (see Figs.1-5). 


Fig.1 


Before the pancreatic scan can be performed a liver scan with 100 uc of Au19sis performed. 
This can be done any time before the pancreatic scan is done. 
A lead shield made of a double thickness of rubber lead or a 3/8-in malleable lead shield 
fitting the body is placed to coincide with where the liver is found on liver scan, 
If the liver is enlarged to the level of the umbilicus the pancreatic scan cannot be done 
as the pancreas is covered by the liver. 

The patient is fasted after midnight and is fed the ice-cold 30-g protein meal in the morning. 
(A) The protein, as it enters the duodenum, causes stimulation to the intestine to secrete 
(B) secretin and pancreozymin. These enzymes in turn promote the secretion 
of the pancreatic enzymes by (C) acinar cells. 


SCANNING TECHNIQUE 


With the patient in the true antero-posterior position a liver shield was 
placed over the previously outlined liver area. Fifteen minutes after the 
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Fig. 2 
The pancreas is now functioning normally with the acinar cells 
secreting pancreatic enzymes into the duodenum (D). 


dose of selenomethionine-Se75 the maximum concentration in the pancreas 
was usually in the tail, which was found to the left of the xiphoid process. 
The maximum count-rate at this time was approximately 3000 counts/min 
and the blood background was usually 2000 counts/min. We utilized photo- 
scanning devices; therefore methods of contrast enhancement were stressed. 
The scanning time of the pancreatic area was approximately 30-40 min. The 
scanning procedure was then repeated as needed. At 2 h after dose the 
spleen begins to be visualized on scan, and at 4 h the renal outline may be 
seen. Our most accurate anatomical pancreatic scans were done before 
4 h after the dose, but the later scans gave indications of obstruction to 
pancreatic flow. 


EQUIPMENT 


Picker Magnascanners, Model 1108 B, were utilized for scanning 
procedures. 


RESULTS 


A total of 200 pancreatic scans were performed with selenomethionine- 
Se75 on the 61 patients of the series. Visualization of the pancreas was ob- 
tained in 97% of the cases in which the pancreatic scan protocol was followed. 
Four of the 61 patients of the series had pancreatic carcinoma, and in three 
cases diagnostic scans were obtained. 

In one patient, the pancreatic tumour was large enough to have radio- 
graphic signs, but in the other patients gastrointestinal radiographs were 
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Fig. 3 


250 uc of selenomethionine is administered intravenously 1 h after the pancreatic meal. 
Fifteen minutes later (E) 900 mc of glutamic acid hydrochloride is administered by mouth. 

The hydrochloric acid helps to promote the continuous secretion by the intestine of secretin and 
pancreozymin which wili continue to aid the passage of selenomethionine-Se75 into the duodenum (F). 
Pancreatic enzymes (G) and radioactive enzymes (H) are then slowly secreted through 
the ductal systern towards the duodenum. Ascan be seen on the 30-min scan, 
the pancreas is now well visualized with the head on the lower left, the middle thin portion being 

the body and the tail crossing the mid line going to the reader's right. 
The liver edge can be seen above the pancreas and the effect of the liver shield may be seen 
along the upper edge of the scan. 


interpreted as being within normal limits. In all six of the patients with 
pancreatitis the pancreatic photoscan corroborated the clinical impression. 
The pancreatic scan obtained in this disease looked most promising. The 
uptake of selenomethionine-Se?5 by the damaged pancreas is decreased much 
in the same way that the uptake of Il3lis decreased in thyroiditis, so that 
in the areas of pancreatitis there is little or no concentration of the seleno- 
methionine-Se75, 


DISCUSSION 


For many years methods of visualization of the pancreas that do not 
require surgery have been sought, but up to the present time all have proved 
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Fig. 4 


The 2-h and the 4-h scans show a good visualization of the pancreas and it will be noted that 
the liver edge is moving and on the 2-h scan is actually impinging on the edge of the pancreas. 
It will be noted that the liver shield was moved closer to the pancreas in these 2-h scans 
to help on the scanning technique. Itwillbe noted that less radioactivity is outside the pancreas 
in the lower portion of the scan corresponding to the loop of the duodenum. 


Fig. 5 


In the normal pancreas very little of the administered dose of selenomethionine-Se” 
is still in the pancreas at 24 h and now the background activity of the blood is approaching the activity 
of the pancreas. However on this scan the barest outline of the pancreas is still visible. 
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unsuccessful. Pancreatic scanning with selenomethionine-Se’75 is the first 
successful approach to non-surgical visualization of the pancreas that has 
been made so far. The scanning technique described above is not difficult 
to follow and the entire diagnostic procedure requires approximately 3 h 
and can be applied to out-patients as well as in-patients. With our present 
scanning knowledge it is now possible to visualize a lesion in the pancreas 
as small as 2 cmin size. With the anticipated advances in collimation and 
increased size of scintillation crystals,we may expectinthe future visualiza- 
tion of even small tumours. The fact that pancreatitis may be verified by 
the simple scanning technique is in itself a major advance in the diagnosis 
of pancreatic disease. It is hoped that, since this procedure may find small 
pancreatic tumours, their early detection may help to reduce the high mor- 
tality from this disease. Pancreatic scanning may also prove tobe a 
satisfactory diagnostic test of pancreatitis and thereby make unnecessary 
many surgical explorations indicated under present methods of diagnosis. 
It is obvious that the ability to diagnose acute pancreatitis by pancreatic 
scanning will undoubtedly help to decrease mortality from surgical inter- 
vention in that disease. It may be possible also to alleviate the distress 
of chronic pancreatitis by using the scanning apparatus as a guide to spe- 
cific areas of surgical ir.tervention. 
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Fig. 6 


2-h and 18-h scans of patient in case report 1 
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It is hoped with this development of a method to successfully scan the 
pancreas utilizing the concentration of selenomethionine-Se75 in pancreatic 
tissue that renewed interest may be stimulated among medical and para- 
medical personnel in this very important but long silent organ. 


CASE REPORTS 


1. Mr. G.was a 52-yr-old labourer with a history of alcoholism and re- 
peated episodes of what was clinically pancreatitis. He had clinical bouts 
and flare-ups of his pancreatic disease process every 2-3 months. Pan- 
creatic scan revealed concentration of the selenomethionine-Se”75 only in 
the area of the tail of the pancreas. At surgery, the entire head and body 
of the pancreas was noted to be destroyed by chronic inflammatory disease. 
The 2-h scan revealed continued absence of activity in the head and 
slight activity in the tail (Fig.6). Activity in the tail and in the spleen is 
well visualized 18 h later. 
2. Mrs. D. was a 75-yr-old retired nurse who had had 6 weeks of crampy 
mid-abdominal pain with some radiation to the back and no weight loss. She 
had just noted the onset of anorexia. CBC liver function studies and all con- 
trast studies were normal. Pancreatic scan done 3-h after a dose of seleno- 
methionine-Se75 revealed a defect in the medial portion of the head of the 


v3 Apar/C3 
2. 


Fig. 7 


1-h scan of patient in case report 2 
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pancreas (see Fig.7). This defect persists on the 2-h scan. The 6-h scan 
was done posteriorly and in this position a large cold area was noted in the 
head of the pancreas. The 24-h scan revealed that very little of the radio- 
activity had left the area of the pancreas. This was compatible with ob- 
struction. The same 2 to 3-cm defect could be noted in the medial head of 
the pancreas. At surgery a 23-cm carcinoma of the pancreas was noted 
at the level of the ampulla with complete obstruction of the pancreatic duct. 
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DTSEIUSS TON 
(On the two foregoing papers) 


A. DESGREZ: Dr. Sodee seems to interpret the radioactive areas, 
which can sometimes be seen in the region of the left rib edge, as being 
due to the spleen. Our interpretation at Orsay is that these areas corres- 
pond to the first, second and third jejunal loops which project at this point. 
This interpretation is based on observations of similar images with I131- 
Rose Bengal, which is known to be eliminated by way of the intestine. 

D. SODEE: I believe we may both be right. In this region there is 
superimposition of the spleen and gastro-intestinal tract. One cancertainly 
observe secretion into the duodenum on the scan. 

A. BAPTISTA: Does Dr. Blau consider that L-selenomethionine or 
a similar substance could be used as a simple radiological contrast medium? 

M. BLAU: No. Selenium is not radio-opaque. If another atom were 
substituted to make the compound radio-opaque, it would no longer behave 
as an amino acid and there would be no pancreatic uptake. 

I. BASCHIERI: Would there be any advantage in using two opposing 
coupled detectors? Since that part of the liver which is superimposed on 
the pancreas is anterior to it, the increased counting efficiency thus ob- 
tained would be everywhere higher for the pancreas than for the liver. Even 
if the central part of the organ were not so dark as the head and the tail, 
because of the intervention of the spine between the posterior detector and 


the active zone, I think that the resulting image of the pancreas would be 
clearer. 
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D. SODEE: This is a good suggestion, but we have not tried it out. We 
have, however, used a 5-in crystal instead of the 2X 3-in crystal we previ- 
ously employed. With the 5-in crystal we are able to use a focusing colli- 
mator whose focal distance is optimal in pancreas scanning. With this 
combination we hope to observe more detail in the organ. 

P. HARPER: Since this procedure appears to provide satisfactory infor- 
mation in cases of pancreatitis, how does the complicated protocol fit into 
the routine clinical situation of an acute abdominal crisis during the night? 

D. SODEE: We have done this operation in the middle of the night, using 
a simplified procedure which excludes the feeding of the protein meal. 

M. BLAU: The detailed protocol will produce the best scans, but accept- 
able scans can usually be obtained without any preparation. Failure to visua- 
lize the pancreas indicates a diagnosis of acute pancreatitis. However, this 
diagnosis cannot be made with the same certainty if there is no visualization 
in the case of a patient scanned without proper preparation as when. the 
pancreas fails to be visualized in a properly prepared patient. 

D. SODEE: What Dr. Blauhasjust said is true if the patient has not 
been acutely ill for a period of 24h. Usually a patient suffers from acute 
pancreatitis as a result of excessive drinking or some other form of over- 
indulgence. In such cases, the pancreas must be stimulated; otherwise 
all the selenomethionine goes to the liver. 

R. GONGORA: Does the absence of a pancreatic image on a scintigram 
in Dr. Blau's procedure definitely indicate a pathological condition, or can 
it sometimes be caused by individual physiological variations? 

M. BLAU: In our experience the absence of visualization has always 
indicated pancreatic disease. 

D. SODEE: We were surprised to find that we could not clearly visua- 
lize the pancreas in many patients who had suffered from diabetes for from 
ten to fifteen years. It seems that in diabetes, although the main abnormality 
is in the islet cells of the pancreas, there may also be a low-grade pancre- 
atitis with infiltration of the pancreatic tissue by a mucopolysaccharide re- 
lated to the disease. It is also interesting to note that we have scannedthree 
patients with gastric or duodenal ulcers before surgery and observed defects 
on the scan in the region of the head of the pancreas corresponding to an 
ulcer penetrating into the pancreatic bed. 

G. TORI: Have you any experience with chronic cholecystitis orchronic 
hepatitis? 

D. SODEE: We have not routinely examined patients suffering from 
these conditions, mainly because of the high cost of the Se’ö-selenomethionine 
at present available. 

M. BLAU: We have not examined such patients either. In cases with 
extensive liver metastases there is less uptake in liver. The pancreas is 
visualized as usual. With regard to the availability of Se75-selenomethionine, 
as far as I know there are only two reliable suppliers. One is E.R. Squibb 
and Sons, New Brunswick, United States of America and the other is the 
Radiochemical Centre, Amersham, England. 

D. SODEE: What is the selenium content of the Radiochemical Centre 
product as compared with the Squibb product? 

M. BLAU: The former has only about one fifth of the specific activity 
of the latter, but this is still sufficiently high to enable one to administer 
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200 uc and still give less than 1 mg of selenium, which is well below the 
toxicity level. 

M. GONGORA: What precautions have to be taken when storing Se’5- 
selenomethionine? 

M. BLAU: Se75-selenomethionine must be carefully protected against 
oxidation. Weaddimg/cm?of B-mercapto-ethylamine as an anti-oxidant 
to all solutions. The Squibb product is supplied with added anti-oxidant. 
The Radiochemical Centre material is not but, having a lower specific ac- 
tivity, it is not quite so susceptible to oxidation. 
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DIAGNOSIS OF MASSIVE PULMONARY EMBOLISM IN MAN BY RADIOISOTOPE SCANNING. Macro- 
aggregated human-serum albumin particles labelled with either 113! or chromium-51 have been utilized to 
determine regional blood flow to the lungs in dogs and man. Following intravenous injection, the particles 
accumulated in the lung, permitting clear delineation of the lung fields by scintillation scanning. In patients 
with lung abscess, pneumonia, atelectasis, tumours and thromboembolic disease of the lung, there was a 
decreased accumulation of the radioactivity in the regions of the lungs involved. The technique was found 
to be clinically useful in the diagnosis of massive pulmonary emboli in man and in the demonstration of vascular 
occlusion in certain patients with cor pulmonale. Studies in dogs made possible the determination of the rate 
at which revascularization occurred following experimental pulmonary emboli. Scintillation scanning was 
carried out at various times after the removal of the experimental emboli. The circulation was restored through 
the lungs within a period of several weeks after the removal of chronic pulmonary emboli in dogs. Although 
aggregated human-serum albumin retained its antigenicity in rabbits, guinea pigs and dogs, extensive studies 
failed to reveal any antigenicity of the particles to man. Because of the rapid metabolism of the macro- 
aggregated albumin particles, the radiation to the patient was well within permissible levels. The use of 
albumin of high specific activity permitted injections of small chemical quantities; consequently no cardio- 
vascular effects, such as increases in pulmonary artery pressure, changes in electrocardiogram or respiratory 
rate, were noted, 


DIAGNOSTIC PAR SCINTIGRAPHIE DE L'EMBOLIE PULMONAIRE MASSIVE CHEZ L'HOMME. Pour 
determiner chez le chien et chez l'!homme le flux sanguin vers les poumons, on a utilis& des macroparticules 
d'albumine de serum humain marqu&e avec !3!] ouSlCr. A la suite d'une injection intraveineuse, les particules 
s'accumulaient dans les poumons, permettant ainsi de delimiter nettement les regions pulmonaires par scinti- 
graphie. Chez les sujets atteints d'"abc&s pulmonaires, de pneumonie, d'at@lectasie, de tumeurs ou de thrombo- 
embolie des poumons, on observait une accumulation moins intense de la radioactivit@ dans les regions pulmo- 
naires affect&es. Du point de vue clinique, cette m&thode s’est r&v&l&e utile pour le diagnostic des embolies 
pulmonaires massives chez l'homme et pour la mise en @vidence d'une occlusion vasculaire chez certains 
sujets atteints de coeur pulmonaire. Les Etudes sur des chiens ont permis de determiner le rythme auquel une 
vascularisation nouvelle se produisait A la suite d'’embolies pulmonaires induites. Ona fait des scintigraphies 
a diverses reprises apres embolectomie. Chez les chiens, la circulation dans les poumons Etait retablie dans 
les quelques semnaines qui suivaient l’ernbolectomie. Si les macroparticules d'albumine de serum humain 
gardaient leur caracı2re antigene chez les lapins, les cobayes et les chiens, des Eiudes tr&s pouss&es n'ont pu 
deceler un tel caract£re chez I'homme. Par suite du me&tabolisme rapide des macroparticules d’albumine, 
la dose de radioactivit& regue par les sujets restait bien en dega des niveaux admissibles. L'emploi d'albumine 
a forte activitE specifique permettait de faire des injections de petites quantit&s de produit chimique; de ce 
fait, on n’a pas relev& d'effets cardio- vasculaires, tels que des augmentations de la tension dans l’art&re 
pulmonaire, des modifications de l'€lectro- cardiogramme ou du rythme respiratoire, etc. 


IMATHOCTUKA MACCUHBHON JETOYHON 3MBONHUN Y UMEIJOBEKA C TIOMOINIBP 
PAIHMHONU3OTONHOTO CKEHHNUPOBAHNA. Kpynupe yacrıbı anbOÖyMHHAa CbIBOPOTKH HenoBe- 
Ka, MeyeHnble HoAoM-131:.unn XPoMoM-S1, HCNonbB30BanHuch Ayla OnpeneneHNuA PeTMOHANbBHOTO TO 
Ka KPoBH B NeETKHUX y Co6ak u uenoBeKka. Illocne BHyTPMBeHHOTO BBeNeHNA YacTHupl, HaKarnnBam- 
lIMecA B NEeTKUX, NawT yerKoe H306paxeHHe KOHTYPOB NEeTKUX TIPU CUMHTNUINALMOHHOM CKEHHHPO- 
BaHHuHH. Y MauHeHTOB C NETOUHBIMM aÖcHEeCCaMH, IIHeBMOHHEÄ, ATeJleKTa30M, PaKOM NIeETKUX M 
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TPoM609M6oNHYEecKoN 6ONE3HLE| NETKUX Ha6nmAanoCcb NOHNKEHHE HaKonNeHUA PaNMOAKTHBHOCTH 
B NOPaxeHHbIX yyacrkax. Bbln HafifeH MeToA, KOTOpbIf Oyner npuroneH B KINHNKe ANA AMarHo- 
CTHKH MaCCHBHONÄ NeToYHOH 3M6ONHN y Uen1oBeKa HU AeMOHCTPAUMN 3aKyTIopKH COCyAOB y HEKOTO- 
pbIx maumeHutop c " cor pulmonale". HecnenoBaung Ha Cobakax Caenanh BO3SMOXHBIM ONpeneneHne 
CKOPOCTU peBacKyN1APHU3aumN MOCAME IKCHEPHMEHTANBHON NeTOUHoA 9MOONMN. CUHHTUNNAIMHOHHOEe 
CKEHHHPOBAHHE NPOBOAHNOCB B Pa3nmuHble NepHOoANbI BpeMeHH MNOoche yAaneHHuA 9KCNepMHMEHTANBHOTO 
oMm6ona. lmpkynauma KpoBH B IIeETKUX y Co6aK BOCCTaHaBıNBalacb B TeueHHe HeCKoNbKUX HeNenb 
mocNe ynaneHua XPOHHYeCKOTO NETOUHOTO 3M6ONa. XOTA KpyMHble YaCTHubI anbBÖyMHUHA CbIBOPOTKH 
yenoBeka COXPaHaıIH CBOH AHTUTEHHbIeE CBOÄCTBA AA KPOAIHKOB, MOPCKHUX CBUHOK N COÖaK, LIMPOKHe 
HCeCNEeAOBAHHNA He TIPUBENM K O6HapyXKEHHPW KaKUX-1MÖ6O AHTUTEHHEIX CBOÜCTB 9TUX YMacTHu MA 
yenoseka. BBHAy ÖbICTPorO MeTa60o1H3Ma KpyTiHbIX YaCTHU anbÖyMHHa A03a o6NyUeHHA NauUMeHTa 
HaxoANNachb B Ipenenax AONYCTUMbIX 103. Mcnonb3oBaHne anbÖyMHHa C BbICOKON yAenbHOoN aK- 
TUMBHOCTBP NO3BONANO BBOAHTb He6onblIMe XUMHYeCcKHe KONHYECTBa; BIIOCNEACTBUNH He OTMEYEHO 
KaKHUX-J1M6O U3MEHEHHÄ CO CTOPOHBI CePAEUHO-COCYAHCTON CHCTEMbI, KaK TIOBbIIEHHA MABNEHHA 
B NeTOYHOÄ apTepHH, H3MEHEHHA INEeKTPOKapıAHOoTpaMmMbI HAM YAaCTOTbI AbIXaHuf. 


DIAGNÖSTICO DE LA EMBOLIA PULMONAR MASIVA EN EL HOMBRE POR EXPLORACIÖN RADIOISO- 
TÖPICA. Los autores utilizaron macroagregados de particulas de seroalbümina humana marcada con 131] 
o con SlCr para determinar el caudal sangufneo regional que afluye a los pulmones en el perro y en el hombre. 
Inyectadas por vfa intravenosa, las particulas se acumulan en el pulmön y permiten delinear claramente los 
campos pulmonares por exploraciön centelleogräfica. En pacientes con absceso del pulmön, neumonia, 
atelectasia, tumores y tromboembolias pulmonares, se observö una acumulaciön disminuida de radiactividad 
en las regiones afectadas. Se comprob6 la utilidad clinica de esta t&cnica para diagnosticar embolias pul- 
monares masivas en el hombre y para descubrir oclusiones vasculares en ciertos pacientes afectados de cor 
puimonale. Los estudios en perros permitieron determinar la rapidez con que progresa la revascularizaciön 
despu&s de una embolia pulmonar experimental. Se efectuaron varias exploraciones centelleogräficas una 
vez retirados los &mbolos experimentales. La circulaciön se restableciö en todo el pulmön algunas semanas 
despu&s de haber eliminado los &mbolos pulmonares crönicos en los perros. Los agregados de seroalbümina 
humana han conservado su poder antig@nico en los conejos, los cobayos y los perros, pero los estudios realizados 
no han permitido comprobar que las particulas tengan poder antig&nico alguno en elhombre. Gracias al 
räpido metabolismo de los macroagregados, la dosis de radiaciön recibida por el paciente se mantiene bastante 
inferior a los valores admisibles. El empleo de albüminas de elevada actividad especifica permite limitar 
considerablemente las cantidades inyectadas; no se observan, por lo tanto, efectos cardiovasculares tales 
como aumentos de presiön en la arteria pulmonar, ni alteraciones del electrocardiograma o del ritmo 
respiratorio. 


The diagnosis of massive pulmonary embolism is frequently difficult 
and always uncertain, primarily because the symptoms and signs may mimic 
other diseases such as myocardial infarction or pneumonia. Ancillary 
examinations including chest X-ray and electrocardiogram, are rarely 
definitive. The diagnosis can be suspected when sudden dyspnea, pleural 
pain, haemoptysis, syncope or a bloody pleural effusion occur in patients 
who are predisposed to pulmonary embolism, i.e. in persons who are suf- 
fering from congestive heart failure or polycythemia, or who are bedridden 
as during the post-operative or post-partum state. 

A high degree of suspicion is no longer adequate. When therapeutic 
measures were relatively non-specific, absolute accuracy in diagnosis was 
not required. Today, however, the need for improved diagnostic ability 
has increased because we now have new reans of treating pulmonary 
thrombo-embolism. These include anticoagulant drugs to prevent further 
thrombosis, proteolytic agents to dissolve thrombi which have already 
formed, and specific surgical therapy including ligation or plication of the 
inferior vena cava to prevent passage of peripheral thrombi into the lungs, 
and pulmonary embolectomy, the removal of obstructing clots from the 
pulmonary arteries themselves. 
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The present report describes the development and initial evaluation of 
a new radioisotope scanning procedure that has been found to be a safe and 
effective way of diagnosing massive pulmonary embolism in man. In ad- 
dition to its use in thrombo-embolic diseases, the method has been used 
to obtain information concerning regional pulmonary blood flow in other pul- 
monary diseases. 


GENERAL PRINCIPLES IN MEASURING REGIONAL PULMONARY BLOOD 
FLOW BY RADIOISOTOPE SCANNING 


Despite differences in the details of various methods of measuring re- 
gional blood flow, most are based on the principle of conservation of ma- 
terial. A known quantity (@) of material flowing into a region is divided 
thre& ways: some (Q;) will accumulate in the region, some (Qm) wil be me- 
tabolized, and the remainder (Q.) will flow out of the region. This can be 
described by the equation: Q=-Q;+Qm+tQe. The inflow (Q) into a region is 
equal to the blood flow (F) into the region multiplied by the concentration 
of the substance in the arteries leading to the region (Ca). The basic equa- 
tion can therefore be written FX C,=Qi+tQRm+t@e: If one injects a substance 
that is completely removed from the blood in a single passage through the 
region, Q.=0; ifthe substance is not metabolized during the period of ob- 
servation, Qm-0; therefore the amount of the substance found in the region 
will be proportional to the blood flow to the region, i.e. FXC, =Q;. This 
principle has been applied to the measurement of regional pulmonary blood 
flow. One injects macro-aggregates of human serum albumin labelled with 
either Cr5l or Il31 and determines their concentration in various regions of 
the lungs by radioisotope scanning. The concentration of the aggregates in 
various parts of the lung is directly related to pulmonary blood flow. 


MACRO-AGGREGATED HUMAN SERUM ALBUMIN (MAA) 


In 1956, HALPERN and his associates introduced the use of aggregates 
of human serum albumin as a type of particle that offered important ad- 
vantages in the study of phagocytosis [1]. In contrast to other particles 
such as carbon, thorium dioxide, saccharated iron oxide, chromic phosphate, 
and colloidal gold which remain in phagocytic cells almost indefinitely, the 
albumin aggregates can be metabolized after ingestion by these cells. This 
made it possible to administer large quantities of the albumin aggregates 
and derive information about the phagocytic capacity of the reticulo- 
endothelial system (RES) not obtainable with the use of minute quantities 
of non-metabolizable materials. To study phagocytosis, one uses particles 
whose average diam. is approximately 10 nm [2, 3]. By altering the con- 
ditions under which the albumin particles are aggregated, one obtains much 
larger aggregates, referred to as macro-aggregated albumin (MAA), which 
vary in size from 1-50 um. 
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PREPARATION OF MACRO-AGGREGATED ALBUMIN (MAA) 
(a) I131-labelled MAA 


Radioiodinated human serum albumin of high specific activity (1-2 mce/mg) 
was obtained from the Squibb Laboratories. A 0.1-% solution was made 
in 0.9% sodium chloride solution and adjusted to pH 5.5 with dilute hydro- 
chloric acid. Since the size of the albumin aggregates was found to be highly 
dependent on pH, the latter was controlled within 0.1 pH units. Three to 
five milliliters of the acidified albumin solution were placed in glass vials 
and heated for 4 min at 100°C in an oscillating water bath (100 cycles/min). 
This resulted in the formation of visible macro-aggregates. The entire 
procedure was carried out under sterile conditions and the final product was 
tested for sterility and pyrogenicity. If subsequent dilutions of the material 
were required, it was necessary to use either glucose or sodium chloride 
solution that had been adjusted to pH 5.5. Subsequent alteration of the pH 
towards either greater or lesser acidity resulted in breakdown of the MAA 
into smaller albumin aggregates that concentrated in the liver and spleen. 


(b) Crö5l1-labelled MAA 


Chromic chloride (Cröl) of high specific activity was obtained from 
Atomic Energy of Canada. Human serum albumin was labelled byreaction 
withchromic chlorideatpH5.5. Aggregation was then carried out by heating 
at 100°C for 4 minin an oscillating water bath. Under these conditions, 
approximately 50% of the radioactive chromium was bound to the MAA. The 
unreacted.radioactive chromic ions were removed by centrifugation and 
serial washing in glucose solution at pH 5.5. 


DISTRIBUTION OF MAA AFTER INTRAVENOUS INJECTION 


Pentobarbitalanaesthetized dogs in a supine position were injected 
intravenously with 001-0.02 mg/kg MAA. Immediately after injection serial 
1 ml blood samples were withdrawn from the femoral artery at 4-s intervals. 
Samples obtained during the 1st, 2nd and 3rd min were pooled and the radio- 
activity measured in a well-type crystal scintillation detector. Four minutes 
after injection, the dogs were killed by the rapid injection of saturated mag- 
nesium sulphate solution. The organs were immediately removed and weighed. 
At least 6 samples were taken from each organ for determination of the per- 
centage of the injected dose of radioactivity per unit weight of tissue. The 
results are shown in Tables 1-3 and Fig.1. When injected intravenously, 
MAA accumulated to a high degree in the lungs. The second highest con- 
centration of radioactivity was in organs containing the highest concentra- 
tıons of reticulo-endothelial cells, namely the liver and spleen. Presumably 
in preparing the MAA some particles of smaller size were formed. These 
behaved in a manner similar to the AA particles used to measure RES func- 
tion, i.e. they passed through the pulmonary vessels and accumulated in 
the fixed phagocytic cells of the body, chiefly in the liver and spleen. 
Chromium-51 labelled MAA had a smaller proportion of the smaller aggre- 


307 


MASSIVE PULMONARY EMBOLISM 


seoroueg, 


ee) T3'0 


33°0 
kaupıy 
ue31o Telo} ur 9sop % 


VVMN 1srl HNO NOLLNAIA.LSIA 


I TIaVL 


1019 pIepueis 
uorIeIA>p pIepueig 


ueoW 


(1) 
ıy3ıam Apog 


H.N. WAGNER, Jr. et al. 


308 


L00 °0 


0TO 0 


Kaupiy 7 


Aoupıy "4 


\W 


990 
ra 


uesıo 
VW 149 


80T 
EL 


Tej0} 11 9Sop % 


49 NOLLNEII4.LSIA 


1 II9V.L 


1019 pıepueis 


uorIerAap pIepueis 


ueaWN 


goL 7 
887 6’eL & 
ze vol % 
&’9p 2620 I 
(34) 


ıy3ram Apog 


309 


MASSIVE PULMONARY EMBOLISM 


sAaupIM 


10119 pıepueis 
uwoneIaap prepueils 


ueaW 


skouprM 


SNVOYO HWNOS NI VVN JO UNWVUYD YYd HSOA 


II 19V L 


% 


10119 pıepuels 
worlerAap pIepueis 


ueaW 


310 H.N. WAGNER, Jr. et al. 


100 
1?! MAA 1 
| Cr’!MAA 
80 
e 
u 
Ne 0 
° 00 1% 
a Y 
° | i 
La v 
| / 
’ 40: ; 
2 Tr Y 
= r 
"| a / 
20} va ‚ 
| IT v 
| 2] v 
DAT ! 
0 1% Au 1 17, 1777.00 fee 
Liver Spleen Lungs Kidneys 


Fig.1 


Distribution of I?! and CrS! macro-aggregated albumin (MAA) following intravenous injection in dogs 
The standard error of the mean is indicated. 
Other organs of the body had less than the kidneys. 


Fig. 2 


Lung scan of a normal dog following the administration of 100 uc of I!?! MAA 


gated albumin (AA) than did the iodinated material, as evidenced bv the 
higher fraction of the material in the lungs compared to the liver and spleen. 
The high concentration of the material in the lungs of a dog is illustrated 
in Fig.2, which is the distribution of the radioactivity as determined by 
radioisotope scanning techniques described elsewhere [4]. The dark areas 
correspond to areas of high concentration of radioactivity. 

Studies were performed to determine the mechanism of concentration 
of MAA in the lungs. When injections were madeinto the internal carotid 
artery of dogs or into the abdominal aorta of man the particles lodged in 
those organs whose blood supply was from the systemic side of the circu- 
lation, just as they had lodged in the Jungs when injected intravenously. An 
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Fig. 3 


Radioisotope scan of the abdomen in man following the injection of 300 uc of [!3! MAA 
into the aorta of a patient with unilateral renal disease and hypertension 
The left renal artery was subsequently found to be impaired. 
A hıgh concentration of radioactivity can be seen in the right kidney and the spleen. 
A small concentration can be seen in the diseased left kidney. 


example of a systemic injection in man is shown in Figure 3 which is the 
radioisotope scan of the abdomen following injection of I13! MAA into the 
thoracic aorta. Thus it seemed that the mechanism of concentration of the 
aggregates was that they became lodged in the first capillary bed which they 
encountered. 


METABOLIC FATE OF RADIOACTIVE MAA 


Measurements were made in 4 subjects to determine the rate of dis- 
appearance of the radioactivity from the lungs following the intravenous in- 
jection of I13l1 MAA. The rate of clearance was approximately exponential 
with half-times ranging between 5 and 10 h. Simultaneous measurements 
of hepatic radioactivity gave evidence that the particles in the lungs were 
being broken down into smaller aggregated albumin (AA) particles that re- 
turned to the circulating blood and were subsequently phagocytized by the 
RES cells of the liver and spleen. 

Figures4A and4 Billustrate typical studies of the cumulative urinary ex- 
ceretion of radioactivity in normal subjects following the intravenous in- 
jection of Il3l-and Cr5öl-labelled MAA. During these studies, which are 
representative of studies in 4 other people, the uptake of radioactive iodine 
by the thyroid was blocked by the administration of 10 drops of Lugol's 
solution per d for 4d. The radioactive iodine was excreted at a more rapid 
rate than the chromium-51. Chromic ions (Cr5l) bound to albumin aggre- 
gates and phagocytized by the RES did not return immediately to the cir- 
culation, as did radioactive iodine, but rather remained in the liver and 
spleen for longer periods of time. 

With I13l1 MAA, after 24 h, radioactivity was not present in the lungs 
and lung scanning could be repeated. With Cr5l MAA, the lung concentration 
of radioactivity after 24 h was less than 25% of that present immediately 


after injection. 
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Fig. 4A 


Cumulative urinary excretion of radioactivity in man 
following the intravenous injection of 300 uc of I13! MAA 
The thyroid gland had been blocked by the administration of Lugol's solution for 4 d, 
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Fig. 4B 


Cumulative urinary excretion of radioactivity in man 
following the intravenous injection of 1 mc of Cr5l MAA 


TOXICITY STUDIES 


Radioisotope-labelled macro-aggregated albumin could be potentially 
toxic in 3 ways: alteration in the structure of the albumin molecule might 
render it antigenic to man; obstruction of pulmonary capillaries and arteri- 
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oles might result in deleterious cardiovascular effects; and, lastly, there 
might be a radiation hazard. Consequently, extensive testing for potential 
toxicity was carried out before its initial use in human beings. Before the 
study of MAA, we administered aggregated albumin (AA) in more than 1200 
studies in over 300 individuals, and were unable to detect any evidence of 
antigenicity, although human albumin aggregates were antigenic to foreign 
species (dogs, rabbits, and guinea pigs), and cross-reacted with normal 
human serum albumin [3]. Studies with macro-aggregated albumin failed 
similarly to reveal evidence of antigenicity to man. Testing included skin 
reactions, albumin clearances and careful evaluation of symptoms or signs 
following repeated injections. One subject, a young girl known to have had 
angioneurotic oedema with hives on several occasions in the past, developed 
urticaria several hours after the performance of a lung scan. Since radio- 
iodinated MAA had been used, the thyroid gland had been blocked by the ad- 
ministration of 0.5 ml of Lugol's solution. The hypersensitivity reaction 
may have been due to MAA or to iodine. Further studies to determine the 
offending antigenwerenot deemed justifiable. No untoward reactions were 
observed in any other subject. 

In studies of cardiovascular toxicity, the LD, was determined in rats 
and found to be of the order of 5000 times the dose used to perform lung 
scans in man, i.e. over 10 mg/kg. Doses as high as 10 mg/kg were also 
administered to dogs without increases in pulmonary artery pressure or 
respiratory rate, and without a decrease in femoral arterial pressure. Rats 
which received up to 10 mg/kg of MAA were indistinguishable from control 
rats in histological examination of the lungs, immediately and one week after 
injection. 

When radioiodinated MAA was used, the thyroid gland was blocked by 
the administration of 0.5 ml of Lugol's solution per d for 4 din order to 
prevent accumulation of radioactive iodine. When this was done, over 80% 
of the radioactivity appeared in the urine within 48 h and the entire dose 
could be accounted for within a period of several weeks. When Cr5l MAA 
was used, the excretion into the urine was slower, approximately one half 
the dose remaining in the liver. With both I13l and Crö5l, the limiting organs 
from the standpoint of radiation dose were the lungs and the liver, the dose 
being 0.3 rad and 3.0 rad, respectively, for 300 ac of I131 and il mc of Cr3l. 


RESULTS 
Ie Experimental pulmonary emboli in dogs 


In a series of 50 dogs, latex balloons measuring approximately 3x1 cm 
were filled with radiopagque contrast media and introduced into the external 
jugular vein by means of a plastic tube and plunger which permitted the ''em- 
bolus'' to be pushed into the right atrium. \Vhen viewed by cinefluorography, 
the ""emboli'' could be seen to circulate within the right ventricle for a few 
minutes, at which time they made their way out into the pulmonary artery 
where they became fixed in either a major or lobar pulmonary artery. A 
silk string attached to the ''"embolus'' and fastened to the skin of the neck 
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Fig. 5 


Lung scan of a dog with an experimental embolus in the artery to the right lower lobe 
The increased density on the radiograph is the rubber balloon filled with opaque contrast medium. 


permitted removal of the embolus at a later date without opening the chest 
of the dog. 

Ineverycasethe site of the vascular occlusion was determined correctly 
by scanning and confirmed by determining the radiographic location of the 
opaque embolus. In most cases the embolus went into the pulmonary artery 
leading to the right lower lobe (Fig.5). 

When the emboli were removed within 24 h, a scan performed 24 h after 
removal of the embolus usually indicated restoration of the circulation. How- 
ever, when the embolus was left longer than 24 h, its removal did not 
restore blood flow within 24 h. Several weeks or even months were re- 
quired before the circulation returned. In pathological studies we found in 
most cases that distal to the point of vascular obstruction in situ thrombosis 
had spread peripherally. This resulted in an arboreal network of occluded 
vessels distal to the embolus. 


II. Characteristics of the lung scan in normal man 


Figure 6 is the appearance of the normal lung scan from the anterior- 
posterior viewpoint. In all cases, a dose of 300 ue of I131 MAA or 1000 uc 
ofCröl wasinjected while the patient lay supine. To obtain more quantitative 
data than that provided by the scanning procedure, the output of the detection 
system could be used as input to a ratemeter and chart recorder. As shown 
in Fig.7, one obtained a series of '"'profiles'' of the concentration of the 
radioactivity as the probe moved across the chest. The area under the 
curves could be obtained by planimetry. The designations L and R refer 
to the counting rates obtained when over the left and right hemithorax, res- 
pectively. 

The anterior-posterior lung scan was characterized by the area of de- 
creased radioactivity corresponding to the cardiac silhouette. The superior 
mediastinum was also visualized as an area of decreased concentration of 
radioactivity. When the scan was performed from the posterior-anterior 
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Fig. 6 


Normal appearance of lung scan in man 
scanned by means of a 3-in crystal detector moving across the anterior chest 
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Fig. 7 


Multiple profile scan of the lungs of a normal man 
The radioactivity tracings were obtained by means of a ratemeter 
connected to the output of the spectrometer. 
L and R refer to the left and right lung, respectively. 
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viewpoint, the cardiac area was diminished in size relative to that seenin 
the AP projection and a larger area of lung could be visualized. 


III. Massive pulmonary embolism in man 


Of the first 100 lung scans performedin man, 5 patients were proved 
by autopsy to have had massive pulmonary embolism. Figures 8A and 8B 
are the chest X-ray and lung scan of a 75-yr-old woman who developed ex- 
treme dyspnea 10 d after a mid-thigh amputation. The marked avascularity 
of nearly the entire left lung and several areas of the lower right lung con- 


Fig. 8A 


Fig. 8B 


Lung scan of the same patient as in Flg. 8A 
Avascular areas can be seen at the left lower lung field and in the middle and lower right lung flelds. 
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firmed the suspicion of massive pulmonary embolism, not apparent on the 
chest X-ray. The patient was not considered a suitable candidate for sur- 
gery and died several days later. Autopsy confirmed the presence of mul- 
tiple pulmonary embkoli. 

Figures 9A, 9B and 9C are anterior-posterior lung scans of 3 other 
patients who subsequently died and were found at autopsy to have multiple 
pulmonary embolism. 

The characteristic pattern of massive pulmonary embolism was a gross 
irregularity of distribution of the radioactivity nearly always involving both 
lungs. Because of the diminished blood flow to other areas, the concen- 
tration of the MAA in the perfused reas of the lung was found to be greater 
than normal, thereby giving a strikıng contrast between the avascular and 
vascular areas. 


IV. Chronic recurrent pulmonary embolism 


Pulmonary arteriograms and lung scans were compared in a series 
of patients. Many had had ligation or plication of the inferior vena cava 
to present recurrence of pulmonary embolization. The patient whose studies 
are shown in Figs.10A and 10B had had plication of his vena cava a year 
before the present study. Avascular areas were found at the right and left 
bases. Pulmonary arteriography also showed the vascular abnormalities 
in areas that corresponded to the filling defects on the scan. 

The patient whose studies are shownin Figs.11A, 11B and 11C was 
a 42-yr-old woman who complained of pleuritic pain on the right side of the 
chest and had transient fever. Lung scan (Fig.11B) indicated that there was 
an avascular area at the left base. This was confirmed by subsequent pul- 
monary arterıogram (Fig.11C). 


DISCUSSION 


In the present series of over 100 patients, either autopsy, operation or 
selective pulmonary arteriography confirmed the diagnosis of regional pul- 
monary avascularity in 14 cases where filling defects were observed in the 
lung scans. The size of the smallest lesion that could be detected is not 
known with certainty, although it is likely that lesions less than a few centi- 
meters in diameter would be missed with present scanning equipment. This 
is not a serious limitation in diagnosing massive pulmonary embolism, be- 
cause large areas of lung are usually involved. GORHAM found that 85% 
of patients with fatal pulmonary embolism have involvement of either one 
entire lung or large areas in both lungs [5]. Experiments in dogs also in- 
dicate that over 50% of the lung circulation must be impaired before sig- 
nificant pulmonary hypertension and respiratory distress ensue. We found 
large bilateral lesions in all 5 patients who died of massive pulmonary em- 
bolism. Of the patients who survived, 1 complete lung was involved in 1 
patient while 8 others had bilateral defects. In our patients the degree of 
respiratory difficulty correlated well with the degree of impairment of the 
pulmonary vasculature &äs seen in the lung scans. 
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(e, 
Figs. IA-9C 


Lung scans of three patients who were pro\ed at autopsy to have multiple pulmonary embolism 
The crescent-shaped lesions in the midcle lateral portion of the left lung can be seen, 
as well as impairment of the blood supply to the right lower lobe, 
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Fig. 10A 


Lung scan of a patient who had had plication of his inferior vena cava for multiple pulmonary embolism 


Fig.10B 


Lung scan of the same patient as in Fig. 10A 


Since we have used selective pulmonary arteriography as a means of 
confirming the diagnosis of pulmonary embolism in the patients who did not 
coıne to autopsy, a reasonable question is what does lung scanning offer in 
making the diagnosis of pulmonary embolism that pulmonary arteriography 
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Fig. 11A 


Chest X-ray of a patient with right-sided pleuritic chest pain and exertional breathlessness 
An area of increased radiolucncy could be seen at the left base, 


Fig. 11B 


Lung scan of the same patient as in Fig. 11A 
An avascular area could be seen at the left lower lung field. 
Radioactivity could also be seen in the liver. 
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Fig. 11C 


Selective pulmonary arteriogram in the same patient as in Figs. 11A and 11B, 
confirming the avascularity of the left lower lung 


does not? Each technique has its own particular strong points and de- 
ficiencies. To be completely satisfactory, pulmonary arteriography must 
be performed by injecting relatively large volumes of radiopaque material 
directly into the pulmonary artery. Intravenous injections usually do not 
give sufficiently good definition of the vasculature. Therefore cardiac ca- 
theterization is required, which is cumbersome at best, and may result in 
the dislodgement of venous thrombi at worst. Furthermore, experience 
has shown that patients with pulmonary hypertension tolerate injections of 
X-ray contrast material very poorly. Up to the present, lung scanning has 
not been associated with any known toxicity and does not result in any mor- 
bidity. An important advantage is that serial studies can be performed at 
frequent intervals in the same subject, thereby providing follow-up 
information at intervals that would not be possible if one had to perform 
repeated pulmonary arteriography. Examples of follow-up studies now in 
progress are an evaluation of the natural history of pulmonary embolism 
with respect to revascularization, evaluation of the incidence of recurrences 
of pulmonary embolism after vena caval plication or ligation, and determi- 
nation of the efficacy of thrombolytic drugs. 

The scanning procedure is technically simple and at present we have 
a scanner available for immediate use as soon as the diagnosis is suspected. 
In at least 20 patients serious consideration of the diagnosis of massive pul- 
monary embolism was discarded when lung scans revealed normal pul- 
monary vasculature. On the other hand, whenever we have obtained strong 
evidence of multiple areas of pulmonary avascularity, selective pulmonary 
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arteriography was performed if consideration was given to the possible ne- 
cessity of pulmonary embolectomy. 

Is the scanning procedure sufficiently definitive to permit the diagnosis 
of massive pulmonary embolism on the basis of the scan alone? The answer 
to this question is a qualified no. No, bezause, as we have previously re- 
ported [6] most parenchymal lesions of the lungs result in avascularity of 
the pulmonary circulation, the blood supply presumably being provided by 
the bronchial circulation. A qualified no, because in a large number of 
patients, a characteristic pattern has been observed in massive pulmonary 
embolism. This pattern consists of avascularity of the right lower lobe, 
together with a crescent-shaped defect in the mid-lateral part of the left 
lung field. 

In the studies in dogs, we found that the right lower lobe is by far the 
most commonly involved lobe when large emboli pass into the lungs. Fre- 
quent involvement of the right lower lobe has also been reported in patho- 
logical studies in man, and in the present patients we have confirmed this 
finding. The crescent-shaped defect may represent another frequent site 
of embolism in man, and we suspect, but have not yet proved, that this lesion 
results from involvement of the superior segment of the left lower lobe. 

Evenin the absence of the characteristic pattern one should suspect 
pulmonary embolism if one finds multiple avascular areas on the scan, 
particularly if no parenchymal lesions are seen on the chest X-ray. This 
has usually been the case, both in the experimental emboli in dogs and in 
patients subsequently proved to have massive embolism. Particularly help- 
ful is the finding of a corresponding zone of increased radiolucency, a finding 
reportedinitiallyby WESTERMARK [7] and extended recentlyby TORRANCE [3]. 

On the other hand, if there is a lesion on the chest X-ray, from our 
past experience, regardless of whether the lesion is the result of an infarct, 
pneumonia, atelectasis, abscess or tumour, the area will be avascular with 
respect to the pulmonary arterial blood flow and an area of decreased radio- 
activity will be found on the lung scan. In these cases, while of considerable 
academic interest, the information is of no diagnostic value. 

A particular word of caution must be mentioned with respect to lung 
bullae or cysts. These areas are both avascular and radiolucent on chest 
X-ray and may therefore mimic the findingsin pulmonary embolism. An 
example of this type of patient was reported previously [6]. 


SUMMARY AND CONCLUSIONS 


l. Radioisotope scanning of the lungs in 110 patients and 50 dogs following 
the intravenous injection of I13l or Cröl macro-aggregated albumin (MAA) 
was a safe and effective way of diagnosing massive pulmonary embolism. 
2. In many patients a characteristic pattern of avascularity was obsırved. 
This consisted of a decreased pulmonary blood flow to all or part of the right 
lower and toa crescent-shaped area on the lateral mid-portion of the left 
lung. 

3. To.date, no haemodynamic, immunologic or radiation hazard has been 
observed. 
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4. The method has been found to be an important adjunct to selective pul- 
monary arteriography, and has important advantages in being readily avail- 
able, faster, technically easier, and free of morbidity. Consequently it was 
used as a rapid screening procedure and maae possible serial studies at 
frequent intervals in the same individual. 

5. The scanning technique was found to be particularly suitable to evaluate 
the natural history of massive pulmonary embolism, as well as to determine 
the effectiveness of surgical procedures such as vena cavalnligation, or of 
drugs such as anticoagulants or fibrinolytic agents. 
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DISCUSSION 


C.M.E. MATTHEWS: I should like to refer again to the lung-scanning 
studies which we carried out with Xel33 at Hammersmith Hospital. The slit 
collimators we now use have a resolution of about 2 cm, not 5 cm; these 
are similar to four-hole collimators in the vertical plane, and to aslitin 
the horizontal plane. One pair of these counters scans the right and another 
the left lung, and it is planned to increase the number of counters used. The 
scans can also be made after exercise or in different postures. The radi- 
ation dose with rebreathing for ventilation measurements is only about 
70 mrad to the lungs; if Xel33 is merely injected for the measurement of 
blood flow it is very much smaller. The information obtained is quantitative 
and the different volumes of lung in the counting field can be allowed for. 

H. WAGNER: We have had considerable experience in using Xel33 and 
think it is extremely valuable in studying both pulmonary circulation and 
pulmonary ventilation. However, using macro-aggregated albumin, pulmo- 
nary blood flow can be studied not only after, but also during, exercise. 
One needs onlyinject the material during whatever particular circumstances 
one wishes to study. The resulting distribution can then be examined at 
leisure within an hour or two of injection. It would, for example, be abso- 
lutely impossible to study the effect of gravitational forces with the equip- 
ment required for work with Xel33, We believe that we have evidence re- 
garding the distribution of the blood supply to the lung in cases of exposure 
to forces four times that of gravity. 
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G.V. TAPLIN: What is the particle-size distribution of your aggregates 
made at pH 5.5 and 100°C? Do you estimate mean size according to linear 
dimension or by volume? I should also like to ask what are the relative 
merits of Cr®! compared with I!3! or I!22 as alabel for the albuminaggregates. 

H. WAGNER: We consider that the particle-size distribution will vary 
from 1 um up to 50 um. We are absolutely certain that, in our best prepa- 
rations, the minimum is 1 um and we believe the maximum to be 50 um. 
We measure the particle-size distribution by differential filtration with milli- 
pore filters and also by using a Coulter particle counter and thus we calcu- 
late the mean particle size. 

As to your last question, we believe that a higher percentage of-the 
particles remains in the lung when Cr°l is used. We also find that the ex- 
traction efficiency is higher and a greater percentage ofthe particles remains 
in the lungs after heating at 100°C for 4 min. We consider that the pHis 
a most critical factor. We heat the particles from the beginning at pH 5.5 
and ensure precision to one tenth of a pH unit. If the material is diluted, 
for example, care must be taken to ensure that it remains at the isoelectric 
point of albumin; otherwise, the particles will deteriorate and the extraction 
efficiency in the lung will decrease. We also believe that with storage there 
may be a decrease in the number of particles going to the lungs. I should 
like to point out that this is not at all important in lung scanning. In the 
worst possible situation, there would still be approximately 60% accumu- 
lation in the lungs. However, if one wishes to quantitate the data, a very 
good extraction efficiency is required. 

J.-C. ROUCAYROL: How frequently can this type of study be repeated? 

H. WAGNER: Because of the very rapid metabolic breakdown of these 
materials in the lungs, the study can be repeated at 24-h intervals. With 
the iodine-labelled materials, there is nothing left in the lungs after 24h. 
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Abstract — Resume — Annotauns — Resumen 


PHOTOSCANNING OF THE SPLEEN USING HEAT- TREATED CrSl- LABELLED ERYTHROCYTES IN CON- 
GENITAL HAEMOLYTIC ANAEMIAS. The delineation of the spleen by photoscanning after the intravenous 
injection of heat-treated CrSl-labelled erythrocytes is valuable when investigating congenital haemolytic 
anaemias, especially thalassaemia, a disease-which is recognized as one of the most important public health 
problems in Greece. 

Heat-treated Cr5l-labelled erythrocytes were prepared as follows: blood was taken from the subject by 
venepuncture and delivered into a sterile bottle containing acid-citrate- dextrose. The red cells were separated 
by centrifugation and the plasma discarded. 50 - 150 uc Cröl-chromate was added to the red cells and the 
mixture allowed to stand for 30 min at room temperature. The labelled cells were washed once with saline 
and re-suspended in saline. The suspension was heated at 49.5°C for one hour. The heated cells were washed 
once with saline and re-suspended in saline. The suspension was then injected intravenously into the subject. 
Scanning was performed one hour later. 

Cases of thalassaemia major, sickle cell haemoglobin/thalassaemia and thalassaemia trait have been 
investigated by this method. All the cases studied, with the exception of one carrier of thalassaemia trait, 
whose spleen was not palpable, showed varying degrees of splenomegaly. The size and configuration of the 
spleen could be well demonstrated. A constant finding in spleen scans on patients with congenital haemolytic 
anaemia, not observed in scans on normal subjects, was the presence of regions of lower average Tadioactivity 
throughout the organ. The interpretation of this finding is discussed. 


GAMMAGRAPHIE DE LA RATE AVEC DES ERYTHROCYTES MARQUES AVEC SiCr ET TRAITES THERMI- 
QUEMENT DANS L'ANEMIE HEMOLYTIQUE CONGENITALE. La gammagraphie de la rate apr2s injection 
intraveineuse d'Erythrocytes marqu&s avec SICr et trait&s thermiquement constitue une me&thode de choix pour 
Etudier l'an&mie h&molytique cong£nitale, notamment la thalassan&mie, maladie qui constitue l*'un des 
problemes de sant& publique les plus importants en Grece, 

Les Erythrocytes marqu&s avec 5ICr et traites thermiquement sont pr&par&s de la maniere suivante: 
apres avoir pr&lev& du sang par ponction dans une veine, on le place dans un flacon sterile contenant un citrate 
acide et de la dextrose. On separe A la centrifugeuse les globules rouges du plasma, que l'on jette; apr&s 
avoir ajout& de 50 A 150 uc de SlCr sous forme de chromate, on laisse reposer le m&lange pendant 30 min 
a la temp&rature de la pi®ce. Les cellules marqu&es sont lav&es une premi2re fois dans un serum, puis rermises 
en suspension dans du serum. Cette suspension est chauffee a 49, 5°C pendant une heure, puis lav&e de nouveau 
avec du serum et remise en suspension dans du serum. Cette suspension est alors injectee dans une veine du 
sujet et on proc£de A la gammagraphie une heure plus tard. 

Les auteurs ont &tudie par cette methode des cas de thalassanemie majeure, d'an&mie A cellules falci- 
formes et de thalassan&mie heterozygote. A l'exception d'un malade souffrant de thalassan&mie heterozygote, 
dont la rate n'a pu &tre palpee, on a constat& dans tous les cas divers degr&s d'hypertrophie de la rate. On 
a pu bien determiner la dimension et la configuration de la rate, Dans toutes les gammagraphies de la rate 
de malades souffrant d'an&mie h&molytique congenitale, on a note la presence de zones A radioactivit€ moyenne 
plus faible; cette particularit€ n'a jamais Et€ constat&e chez des sujets normaux. Les auteurs discutent l"inter- 


pretation de ce ph&nom£ne. 


&$OTO-CKEHHUPOBAHHE CENIE3EHKN C TIOMOIIBPO TEPMUMECKN OBPABOTAH- 
HbIX MEUEHHBbIX XPOMOM-51 SPMTPOUMTOB IIPH BPOXAEHHBIX TEMOJAMTMMECKNX 
AHEMHUAX. Tlonyuenne KOHTypoB CeneseHKu C NOMOUBE POTO-CKEHHNPOBAHNA TIOCNE BHYTPH 
BEHHOTO BBENEHNA TePMHyYecKH 06Pa6oTaHHbIX MEeYEHHBIX XPOMOM-S1 SPHTPOUMTOB HMeer 6onb- 
LIOe 3HAyeHHe NPH HCCNENOBAHHH BPOKACHHBIX TeMONUTUYeCKUX aHeMNÄ U B OCO6eHHOCTH Tanac- 
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CeMHH —3a6oneBaHnga, KOTOPoe CyuTaeTca OAHOM H3 Hanbonee Cepbe3HbIlX, eCHH He CaMoN cepbe3- 
HoA, Nnpo6neMoA 3ApaBooXxpaHeHHa B I’ peumn. 

Tepmnyecku 06paßoranlible MeyeHNble XPOMOM-51 SPHTPOUHTBI IPATOTABNNBAanNuCchb CIeNy- 
LIHM 06Ppa3oM: KPOBb NallHeHTa, B3ATAA IyTeM BEHEeNYHKUHN, NepennBanach B CTEPHNbHyP Kondy, 
conepxautyio IHMOHHOKHCAYI AeKCTPo3y. OPHTPOUHTBI OTAENANMCK NYTeM UEHTPAPYTHPpoBaHng, 
u nnasMma oTÖpacsipranach. K apurpounram no6basıann 50-150 MKKMmpH xpoMaTa-xpoM-51 u 9Ty 
CMeCb OCTaBıA1M Ha 30 MHHYT IIPH KOMHATHOHÄ TeMneparype. Meuenble KIeETKH OAHOKPATHO NPOo- 
MbIlBa/IH DUH3HONOTHYECKUM PaCTBOPoM U CHOBAa CYCNeH3HPOBanN B DU3NONOTUYEeCKOM pacTBope®e. 
Ora cycmeHsua HarpeBalacb B TeyeHNe ONHOTO yaca npH Temnepartype 49,5°C. Toaorpersie apn- 
TPOLIUTbI NPOMbIBalM B DUSHONOTHYeCKOM PacTBope MH CHOBa CycmeH3upoBanh B BUSNHONOTHYECKOM 
pactBope. ITy CyCnieH3UuP_ 3aTeM BBOAHNH MallHeHTy BHYTPUBeHHO. Mepe3 yac mocne 3TOTO Npo- 
BOAHNOCB CKEeHHNPOBAaHHe. 

TaKHuM MEeTOAOM ÖbIJIM HCCNEeNOBAaHbI ÖONbHLbIE C KllaccHyecKof TanacceMmHefl, CePHOBUAHO- 
KIeTOUHOÄ TanacceMHueÄ MH NAUMEHTEI, UMeWwLuIMe IPN3HaKH TanacceMmuNu. Y Bcex OÖCneNOBAaHHbIX 
60NBHBIX, 3a UCKNWYEHHEM OAHOTO HOCHTENA NIPH3HaKOB TalacceMuH, Cele3eHKa KOTOPOTO He TIPO- 
uynbiBanacb, 06HapyxeHa pasnnyHaga CTeneHb CnA1eHoMeTanuuH. OTUeTNUBO Onpenenanca pa3Mmep 
MH KOHbHTypaunsa ceneseHKu. Ha CKeHHOTpaMmMax y MaUMEeHTOB C BPOXAEHHON TEMONHTHUECKOoNA 
aHeMMeÄ, He Ha61mAaeMoH Ha CKEHHOTPaMMAaX 3A0POBEIX MALMEHTOB, NOCTOAHHO HaXoAMMH OÖNacTH 
C HU3KOH CpeAHef panlHoaKTUBHOCTbBE Ha IPOTAKEeHHNH BceTo oOpTaHa. OÖ6cyxnaerTca TONKOBaHHe 
9TUX AaHHbIX. 


FOTOEXPLORACIÖN DEL BAZO EN CASOS DE ANEMIA HEMOLITICA CONGENITA EMPLEANDO ERITRO- 
CITOS SOMETIDOS A CALENTAMIENTO Y MARCADOS CON °ICr. EI delineamiento del bazo por fotoexplora- 
ciön despu&s de una inyecciön intravenosa de eritrocitos sometidos a calentamiento y marcados con °ICr es 
de suma utilidad para la investigaciön de las anemias hemoliticas cong£Enitas y, especialmente, delatalasemia, 
enfermedad que constituye uno de los preblemas sanitarios mäs importantes de Grecia. 

Los eritrocitos tratados t@rmicamente y marcados con °!ICr se prepararon de la siguiente manera: se 
extrajo sangre del paciente por punciön de la vena y se trasvas6 a un frasco esterilizado que contenia una 
soluciön äcida de citrato y dextrosa. Los hematies se separaron por centrifugaciön y se desechö el plasma. 
A los hematies se aladieron de 50 a 150 uc de cromato-S!Cr y la mezcla se dejö en reposo a la temperatura 
ambiente durante 30 min. Seguidamente se lavaron hematies una sola vez con suero fisiolögico y se pusieron 
en suspensiön. Esa suspensiön en suero fisiolögico se calentö a 49,5°C durante una hora. Los hematies se 
volvieron a lavar con suero fisiolögico y se prepar6 una segunda suspensiön que se inyectö intravenosamente 
al paciente. La exploraciön se efectuö una hora despu6s. 

Por este me&todo se han investigado casos de talasemia mayor, anemia drepanocitica y talasemia hetero- 
cigötica. Todos los casos estudiados, exceptuando uno de talasemia heterocigötica, en el que el bazo no 
era palpable, presentaban grados diversos de esplenomegalia. Se pudo poner de relieve perfectamente el 
tamafio y la configuraciön del bazo. Una peculiaridad que aparece constantemente en los centelleogramas 
esplenicos de enfermos de anemia hemolitica cong£nita, y que no se observa en los de sujetos sanos, es la 
presencia, en toda la extensiön del örgano, de regiones de radiactividad media reducida. En la memoria 
se procura interpretar ese dato, 


The attempt to visualize different organs with radioisotopes has been 
extended to most internal organs. Thus the scanning of the thyroid, the 
first scanning technique to be applied, was followed by scanning of the liver, 
brain, kidney and of other organs. By scanning techniques the size, the 
exact position and the functioning tissue of the different organs examined 
can be estimated, 

After the demonstration that red cells sensitized with anti-Rh (D) anti- 
body [1,2] and also heated red cells [3] were trapped selectively by the 
spleen, interest turned to the visualization of this organ. 

The purpose of this communication is to report the study by scanning 
of the spleen exclusively in patients with congenital haemolytic anaemias 
and carriers of the trait of these anaemias, which besides the other ab- 
normal findings usually show a more or less enlarged spleen. 
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METHOD 


The method used consists of the intravenous injection of heat-treated, 
Cr5l-labelled erythrocytes. The method is as follows: 20 ml of the patient's 
blood are withdrawn and delivered into a sterile bottle, containing 4 ml of 
acid-citrate-dextrose. The mixture is then centrifuged for 15 min at 
1500 rev/min and the supernate is discarded. Then 100-200 ac of NascCr 310, 
are added to the red cells and the mixture is allowed to stand for 30 min at 
room temperature. The labelled cells are washed once with isotonic saline 
and then re-suspended in saline and incubated in a water bath at a tempera- 
ture of 49.5°C for 60 min. After the second incubation, the blood is centri- 
fuged for 15 min at 1500 rev/min. The supernate is discarded and the red 
cells re-suspended in saline. After cooling to room temperature, the blood 
is administered to the patient intravenously. 

One hour and sometimes 24 h after the intravenous injection of the Cr3l- 
labelled red cells scanning of the spleen is performed. A blood sample is 
taken before the performance of the scan and then its radioactivity is 
measured. 


Position of the patient 


All the scans were performed in the right lateral position of the patient, 
except for one that was performed in the supine position. 


Technique of photoscanning 


As scanner the SC-500 scanner of BAIRD-ATOMIC was used. This 
scanner is equipped with a scintillation counter, with a 3X 2-in sodium iodide 
crystal activated with thallium. The side shielding of the counter has 2-in 
lead and tungsten and the collimator is of a focusing type with 37 holes. 

The use of a pulse height analyser permits the measurement of the 
primary radiation of Cr5l, and scattered radiation and high energy back- 
ground are eliminated. The recording is made on paper (dot recording) 
and on photographic film (film recording). The method of recording is en- 
tirely different for the two types of recording. 

On the paper, an electric stylus sends a spark through a sensitized 
paper each time a number of counts is collected, depending on the selected 
dot factor. A special electronic device permits recording on the paper only, 
when the counting rate exceeds a certain counting rate which can be pre- 
determined. For out scans of the spleen this counting rate was 30% of the 
maximum. 

The photorecording is obtained by means of a small beam of light with 
density depending on the counting rate. This density can be adjusted so that 
the maximum counting rate (called 100%) corresponds to the maximum of 
the blackening. The minimum of blackening can be adjusted to any counting 
rate between 0-90% of the maximum. In our scans it was 45%. For counting 
rates lower than 45% of the maximum, no blackening appeared on the film. 
Counting rates between 45-100%, covered the whole range of blackening from 
zero to maximum. By this technique, small relative differences in counting 
rate are more easily shown by differences in the blackening. 
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The maximum counting rate for different cases ranged between 
500-2500 counts/min and the scanning speed between 5-73 in/min. 

Scanning was made in one direction only, with rapid return, to eliminate 
"scalopping''. The patient was placed first on the bed and the margins of 
the spleen were then detected and marked. 

By moving the scintillation counter over the spleen the maximum count- 
ing rate was determined and the density control then fixed to correspond 
to the maximum blackening. 

The dimensions of the light source were 1/8X3/16 in and the scan 
spacing 3/16 in. 


RESULTS 
Morphologic changes of the erythrocytes 


Dry smears were prepared from the blood samples before and after 
incubation at 49.5°C. Except for the morphological changes characterizing 
the disease, no changes were observed in the unheated red cells. The 
changes produced in the heated red cells were similar to those observed by 
others [4,5,6, 7Ji.e. showing a knobby appearance or pseudopodial pro- 
jections from the red cell surface (Figs.1-4). 


Fig.1 


Changes produced in the heated red cells of a normal subject 


The Cr! uptake of the red cells after heating at 49.5°C 


The Cröluptake by the red cells, after heating at 49.5°C, ranged be- 
tween 65-88% of the initial dose. We failed to observe, as did other investi- 
gators, a significant loss of Cr5l during heating [8]. 
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Fig. 2 


Changes produced in the heated red cells of a subject with thalassaemia trait 


Fig. 3 


Changes produced in the heated red cells of a patient with thalassaemia 
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Fig. 4 


Changes produced in the heated red cells of a patient with sickle-cell thalassaemia 


Finally 41-79% of the initial dose (ranging from 100-200 uc and in two 
cases 50 uc) was injected into the patient. 

The whole blood radioactivity at the time of scanning was found to 
‚amount to 0-3.2% of the administered dose, except in the four cases (one 
normal, one sickle-cell thalassaemia and two thalassaemia traits) in which 
the values were 5.4%, 6.9%, 13% and 10% respectively. 


Scanning of the spleen 


Scans of the spleen were obtained in all subjects with congenital haemo- 
lytic anaemias, except for one who was thought to have autosplenectomy, 
as well as in the carriers of the thalassaemia trait. The spleen was also 
visualized in all cases of normal subjects. 

The scan was studied regarding its size and position, but mainly as 
to the uniform distribution of splenic radioactivity and the existence of 
space-occupying lesions. 


Normal subjects 


Ten normal subjects, with.no evidence of splenic disease, were studied. 

The mean value of the two dimensions of the photoscan, in two per- 
pendicular dimensions, was 8.5X10.9 cm respectively. 

The position of the spleen in the subjects was normal. The density of 
the splenic photoscan was homogeneous in the film, as has been observed 
by others [9, 10] (Fig.5). 
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Fig.5 


Photoscanning of the spleen in two normal subjects with uniform distribution of radioactivity 


Patients with congenital haemolytic anaemias 


Eleven patients with congenital haemolytic anaemias (six with thalassae- 
mia and five with sickle-cell thalassaemia) and eight carriers of the 
thalassaemia trait were studied. 

Four of the five scans performed on the patients with sickle-cell 
thalassaemia demonstrated non-uniform distribution of radioactivity (Fig.6), 
whilst in the last the spleen failed to be visualized. This is attributed to 
autosplenectomy from repeated infarcts and not to any error in the technique, 
since the red cells possessed the characteristic signs of being trapped by 
the spleen. Also, we failed to detect significant radioactivity over the he- 
patic region. The spleen of two cases was enormous, extending to the iliac 
crest; in the third, it was markedly enlarged, and in the remaining two 
the spleen was not palpable. 

Scanning of the spleen in the patients with thalassaemia did not show 
uniform distribution of splenic radioactivity in all cases. The photoscan 
in three of the six patients demonstrated homogeneous distribution of radio- 
activity (Fig.7), but in the remaining three it was not homogeneous (Fig. 8). 
In all cases the spleen was markedly enlarged. 

Two of the eight carriers of the thalassaemia trait that were studied had 
a palpable spleen. The distribution of radioactivity in the photoscan was 
uniform in five (Fig. 9), non-uniform in one (Fig. 10) and doubtful in the re- 
maining two (Fig. 11). 


COMMENTS 


The observed non-uniform distribution of radivactivity in some of the 
cases of congenital haemolytic anaemias, which contrasted with the homo- 
geneity of normal cases, requires special consideration. 
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Fig. 6 


Photoscanning of the spleen in three cases of sickle-cell thalassaemia with space-occupying lesions 


Fig. 7 


Photoscanning of the spleen in three cases of thalassaemia with uniform distribution of radioactiviy 


Fig. 8 


Photoscanning of the spleen in three cases of thalassaemia with space-occupying lesions 
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Fig. 9 


Photoscanning of the spleen in three cases of thalassaemia trait with uniform distribution of radioactivity 


Fig. 10 


Photoscanning of the spleen in one case of thalassaemia trait with space-occupying lesion 


The observed counting-rate over the splenic region in scans charac- 
terized by non-uniformity was so high that the parts of the photoscan showing 
less radioactivity must be accepted as reliable and not caused by a statisti- 
cal variation in the counting rate. 

The enlargement of the spleen cannot be correlated with the non-uniform 
distribution of radioactivity. This is because some of the cases studied 
with splenomegaly showed a uniform distribution of radioactivity. In the 
references uniform rather than non-uniform distribution of radioactivity is 
emphasized in splenomegaly [6, 9]. 

The observed foci of less radioactivity in the photoscans of the cases 
of sickle-cell thalassaemia can well be explained through splenic infarcts 
and the replacement of their splenic parenchyma by fibrous tissue. 
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Fig. 11 


Photoscanning of the spleen in two cases ofthalassaemiatraitcharacterized as doubtful 


It has been observed in patients with sickle-cell disease that the clear- 
ance of heat-treated red cells from the blood was much slower than in 
normals [11]. 

We did not find in the references cases of sickle-cell thalassaemia, in 
which the clearance of heat-treated red cells was studied. The blood radio- 
activity at the time of scanning in the four cases in which the spleen was 
visualized was 0%, 1.2%, 0.3% and 1.1% of the injected dose. In the fifth 
case with autosplenectomy it was 6.9%. In the reference [6] a case of sickle- 
cell disease is reported in which the distribution of radioactivity in the 
photoscan of the spleen was homogeneous. This case concerns a 6-yr-old 
child in which the spleen probably did not show infarcts. 

The pathology of the spleen in thalassaemia can explain the non-uniform 
distribution of radioactivity found in three cases of thalassaemia and in one 
case of the thalassaemia trait. It is reported that infarcts have been ob- 
served and microscopically areas of fibrous tissue. Also hyperplasia of 
the reticuloendothelial cells [12, 13] was noted. 

The fact that the non-uniform distribution of radioactivity in the photo- 
scans of the spleen in thalassaemia was not found in all cases permits the 
assumption that it depends on the degree and the extent of the above- 
mentioned pathologic changes. 

The number of cases studied is too small to permit statistical analysis 
of the findings. Nevertheless the scanning of the spleen makes it possible 
to determine the size, location and amount of functional tissue, as well as 
the degree of fibrosis in the spleen. 
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Abstract — Resume — AnnotTauna — Resumen 


RESULTS OF CLINICAL APPLICATION OF SCINTILLATION SCANNING OF THE SPLEEN ON 500 PATIENTS: 
POSSIBILITIES AND LIMITS. After injecting erythrocytes marked with radioactive substances and artificially 
damaged there is a rapid clearance of these cells from the blood- stream and sequestration in the spleen. The 
resultant high concentration of radioactivity in the spleen permits a good scintigraphic demonstration of the 
organ. For many reasons Na,Cr°!O4 seems at present to be the most suitable substance for labelling erythrocytes, 
and alteration by heat the most practical means of damaging the cells. 

The systematic application of spleen scintigraphy on over 500 patients showed the following indications 
for this method: 

(1) Demonstration of enlargement of the spleen is not possible by clinical or roentgenological methods; 
(2) Verification of tumours in the upper left abdominal region; (3) Demonstration of accessory spleens after 
splenectomy; (4) Demonstration of ectopic spleens (situs inversus, ptosis); (5) Demonstration of parenchymal 
defects in the spleen (e.g. intrasplenic bleeding, infarcts of the spleen, necrosis of the spleen and 
intrasplenic cysts). 

By planimetric measurements of the scintigram area and by calculating the "splenic surface area index" 
(= scintigram area/body surface of the patient) a good quantitative estimation of the extent of spleen enlarge- 
ment may be obtained. In healthy persons the surface area of the scintigram does not exceed 70- 80 cm? and 
the splenic surface- area- index lies normally within 2.5 - 4.5x10°9. A comparison with the clinical findings 
showed that only one third of the spleens which were found by scintigraphy to be positively enlarged could be 
detected by percussion and palpation. In various diseases the clinical estimation of spleen enlargement is 
false in an even higher percentage of the cases. 

Only when the spleen has completely lost the ability to sequestrate heat-altered erythrocytes is the 
scintigraphic depiction of the spleen impossible. Such cases, however, seem to be extremely rare; we have 
so far observed only one. Up to now the information on form, size, position and parenchymal defects which 
are afforded by scintigraphy, cannot be obtained by any other method, including special roentgenological 
methods. 

The process makes few demands on the patient, so that even very ill persons can tolerate it; it is not 
dangerous and can be performed on walking patients. The load of radiation dose to the patient is slight. For 
the spleen, depending on the volume, it is of the order of a few rad. The dose to the sexual organs and the 
whole body is on the average 40 mrad, which is far less than arises in many simple routine roentgenological 
exarninations. 


RESULTATS DE L'APPLICATION CLINIQUE DE LA SCINTIGRAPHIE DE LA RATE DANS 500 CAS: POSSIBI- 
LITES ET LIMITES. Apr£s injection d'Erythrocytes marqu&s avec une substance radioactive et alters artifi- 
ciellement, on constate une rapide @limination de ces cellules de la circulation sanguine et accumulation dans 
la rate. Il en r&sulte une forte concentration de radioactivit€ dans cet organe, ce qui permet d'en faire de 
bons scintigrammes. Pour plusieurs raisons, c'est Na,5!CrO, qui semble constituer actuellement la substance 
la plus appropriee pour le marquage des Erythrocytes; le traitement thermique est le meilleur moyen de provoquer 
une alt&ration des cellules. 

Une campagne d’emploi syst@matique de cette m&thode sur plus de 500 malades a donne& les r&sultats 
suivants: 
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a) Constatation d'une splenome&galie qu'il &tait impossible de deceler par des meEthodes cliniques ou 
avec des rayons X; b) Ve£rification de l'existence de tumeurs dans l'hypochondre gauche; c) Constatation de 
l’existence de rates accessoires apres splänectomie; d) Constatation de l’existence de rates ectopiques (situs 
inversus, ptose); e) Constatation de troubles dans le parenchyme de la rate (hEmorragie, infarctus de la rate, 
necrose de la rate, kyste intraspl&nique). 

Par mesure planirnetrique de l’aire du scintigramme et calcul de l’<indice de surface> (aire du scinti- 
gramme/surface totale du corps), on peut obtenir une bonne estimation quantitative de l'hypertrophie de la 
rate. Chez un sujet sain, l’aire du scintigramme ne d&passe pas 70 a 80 cm? et l'«indice de surface> est 
normalement de l'ordre de 2,5 A 4,5.10°3. En comparant les r&sultats cliniques avec ceux de la scintigraphie, 
on a constat& que seulement le tiers des splenomegalies diagnostiquees par scintigraphie pouvaient Etre detectees 
par percussion et palpation. Pour diverses affections, le diagnostic clinique de l'hypertrophie de la rate Etait 
erron€ dans un pourcentage encore plus Elev& de cas. ö 

Ce n'est que lorsque la rate a compl&tement perdu son pouvoir d'accumulation des Erythrocytes traites 
thermiquement que la scintigraphie ne donne pas de r&sultats. Mais ces cas sont extremement rares; les auteurs 
n'en ont observ& qu'un seul. Aucune autre methode, m&me pas les techniques radiologiques sp&ciales, ne 
donne les renseignements sur la forme, les dimensions, la position et sur les alt&rations du parenchyme Que 
l'on peut obtenir par scintigraphie. 

La scintigraphie affecte tres peu le patient, si bien que m&me des personnes tres atteintes peuvent la 
tol&rer; elle n'est pas dangereuse et peut m&me £tre pratiquee sur des sujets qui ne sont pas hospitalises. La 
dose de rayonnement absorb&e par le malade est faible. Pour la rate, elle est de l'ordre de quelques rad et 
varie suivant le volume de l'organe. Pour les organes sexuels et pour le corps entier, la dose est en moyenne 
de 40 mrad, ce qui est tr&s inferieur A la dose regue A l'occasion de nombreux examens radiologiques courants. 


PE3YJIBTATbI KJIIHHNMYECKOTO TIIPMMEHEHHA CUHHTHIIAUNHOHHOTO CKEHHYPO- 
BAHN CEJIESEHKH Y 500 BOJIBHBIX: BO3MOXKHOCTH H HEAOCTATKHU. Tlocne BBenenuna 
9PUTPOUHTOB, MEYEHHEIX PaNHOAKTUBHbIMH BeWMECTBAMU U HUCKYCTBEHHO MIOBPe KAeHHEIX, Hab1mAa- 
NOCB ÖbICTpoe BblNeleHHe THX KNIeTOK U3 TOKa KPOBH H 3aXBaT UX B ceneseHnke. Pesynbrupymw- 
maa BbICOKaA KOHUEHTPAaUNA PalmHoaKTHBHEIX BeWECTB B Cene3eHKke NIOSBONAET MONYYATB xopouee 
CUMHTUTPpahH4uecKoe H306paxeHHe 3ToTo opraHa. [lo paay nprnyuuH NagCrSlO,Kaxertca B HacTos- 
mee Bpems Hanbonee NONXONAUHM BeWIECTBOM ANA MEeYEeHHA IPHTPOUHTOB, a H3MEeHeHHE TeMNepa- 
Typbl -Hau6bonee NPaKTHUHBIM METOAOM MIOBPe KACHHA ITHX KIETOK. 

n CucTeMarTHuyecKoe IPHMeHEeHHe CUHHTHTPabHH ceneseHKH 6bonee yem y 500 6onBHEIX ycTa- 
HOBUNO CNeAyBMIlMe NOKa3aHHfA ANA MPHMEHEHHF STOTO MeTona: 

1) HemoHcrtpaung yBenuyeHnnsn Cele3eHhHKH He303MOXHAa KIIHHHYECKHMH HIH PEHTTEHONOTHYeC- 
KHMN MeTONaMM. 2) MnarHoctnka onyXxoneii B leBOM BEePXHeM OTAeNne 6pmuHoN noNocTH. 3) Me- 
MOHCTPauIMA AOMNONHHTENBHBIX CeNe3eHoK NOCNE CNNEH9KTOMUU, 4) MEMOHCTPauns 9KTOMHUH ce- 
ne3eHKu (Situs inversus, onyweHHue). 5) MeMoHcTpauns MapeHXHMAaTOSHBIX NAedeKrToB B cene- 
3eHKE (HampHMep, BHYTPHCene3eHo4Hoe KpoBoTeyeHHe, HHBAaPKTEI CeNe3eHKH, HEKPO3 CEeNe3eHKH, 
BHYTpHcene3eHouHag KucTa). 

Ilyrem nNaHHMEeTPHYeCcKOTO H3MEPEeHHA MNOWAAH CUHHTHTPAMMEI H pacyeTa "HHIeKca nnomanu 
NOBePXHOCTH cenegeHKku" ( = NNOMaAb CUHHTHTPAMMEI/NOBEPXHOCTB Tena 60NBHOTO) MOXHO NONy- 
YNHTb XOPOUIYyP KOJAMUECTBEHHYyB XapaKTepHCTHKy CTeNeHH YBelhHueHHn CeneseHKu. Y 3A0POBBIX 
nmAneh mNoMaAb NOBePXHOCTH CUNHHTUTPaMMEI He npeBblmaer 70-80 cM?, a HHNeKc nnomaan no- 
BEPXHOCTH Cele3eHKH HAaXOAHTCA O6bIyHO B npenenax 2,5—-4,5 + 10°3, CpaBHeHke C KNHHHYeCKHUMH 
AaHHBIMNH TIOKA3ajlO, YTO TONBKO B OAHON TPeTH CAyyaeB yBennyeHHe Cene3eHKH, O6HAaPy’KEHHOoE 
NPM CHMHTUTPaBHH, MOXET ÖbITb AMATHOCUMPOBAHO IIYTeM NEePKYCCHu U manbnnaumm. Ilpmn pasnny- 
HbIX 3a60NeBaHHAX KIIHHHYeCKAaA OUEHKA YBENNMYEHNHA CENE3EHKH ABNAETCH OLIHÖOYHOÄ B eme bonb- 
LIeM MpoueHTe cnyyaeB. 

Honyuenne CUMHTHTPabHuecKoTO H30Ö6paxeHHA CEeNe3eHKU HEBOSMOXHO NIHLIB B Ciyyae non- 
HON YTepH ceNegeHKof CNOCOÖHOCTH 3aXBaTa H3MEHEHHBIX BOSAeÄCTBHEeM Tenna 9pHTPOUHTOoB. OA- 
HaKo TakHe CA1yYau, OUeBHAHO, KpafHe peAKH; aBTopbI Ha6nMAann TOAIBKO OAMH TaKoA cıyyal. 

Hannpie 0 BopMe, pasMepe, TIONOXEeHHH H NAPeHXHMATOSHBIX NePeKTax, MONYUeHHLbIe IyTeM 
CUMHTUTPaA$HH, He yNanocb IIONYyUMTb NO HACTOAUeTO BPeMeHNH HUHKAKHM APYTHM METOAOM, BKAIW- 
yası CNelHaNbHbIe PEHTTEHONOTHYUEeCKHE METOANBI. 

Meroan Tpeöyer oT 601bHOTO HeMHOTOE, eTO MOTYT NepeHecTu Naxe oOyeHb ÖonbHbIe NWAn; 
OH He ONaceH U MOXET ÖbITb TIPHMEeHeH y am6ynaTopHbIX 60NbHbIX. BernmunHa Aosbı O6nyuenna 
6onbHoro Hebonbuas. Ana ceneseHKu, B 3aBHCHMOCTH OT OÖ%EMA, OHa CoCTaBıAeT NopAAKa Hec- 
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KONbKO paa. Mosa o6nyueHHA NONOBEIX OPTaHOB MH Bcero Tena CocTaBıderT B cpenHueM 40 mpaı, 


4UTO 3HAUYNYTENBHO HHXKE 103, NOJIy4UaeMbIX IIPH MHOTHX IIDOCTbIX OÖBIUHBIX PeHTTEHONOTHYECKAX 
HCCNENOBAHHAX. 


RESULTADOS DE LA APLICACION CLINICA DE LA CENTELLEOGRAFIA DEL BAZO A 500 PACIENTES: 
POSIBILIDADES Y LIMITES. Cuando se inyectan eritrocitos marcados con sustancias radiactivas y deliberada- 
mente dafiados, el bazo los capta con rapidez, eliminändolos de la corriente sanguinea. La concentraciön de 
radiactividad que este proceso provoca en el hazo permite obtener un buen centelleograma de dicho Örgano. 
Por varias razones, el Na,°ICrQ, parece ser la sustancia mäs adecuada para marcar eritrocitos; la mejor manera 
de dafiarlos es someterlos a la acciön del calor. 

Sistemäticamente aplicada a mäs de 500 enfermos, la centelleografia del bazo ha demostrado ser de 
suma utilidad para las investigaciones siguientes: 

a) Comprobaciön de la dilataciön del bazo cuando no es posible hacerlo por me&todos clinicos o roentgeno- 
lögicos; b) Comprobaciön de la presencia de tumores en la regiön abdominal superior izquierda; c) Demostra- 
eiön de la existencia de bazos accesorios despu&s de la esplenectomia; d) Demostraciön de ectopfas esplenicas 
(situs inversus, ptosis); e) Demostraciön de la presencia de defectos parenquimatosos en el bazo (por ejemplo: 
hemorragia intraesplnica, infartos del bazo, necrosis del bazo, quistes intraespl&nicos). 

Se puede obtener una buena estimaciön cuantitativa de la dilataciön del bazo midiendo por planimetria 
la superficie del centelleograma y calculando el "indice de la superficie esplenica" (superficie del 
centelleograma/superficie del cuerpo del paciente). En las personas sanas, la superficie del centelleograma 
no es superior a 70-80 cm? y dicho indice estä generalmente comprendido entre 2,5 y 4,5.10°3, Una com- 
paraciön con los resultados clinicos ha puesto de manifiesto que sölo en una tercera parte de los casos una 
dilataciön del bazo determinada categöricamente por centelleograffa ha podido ser detectada por percusiön 
y palpaciön. Esta diferencia es todavia mäs acentuada en diversas enfermedades. 

La visualizaciön del bazo sölo resulta imposible cuando esta gländula ha perdido completamente la 
capacidad de captar los eritrocitos dafiados por el calor. Esto, al parecer, ocurre con muy poca frecuencia; 
hasta ahora, los autores sölo han observado un caso. Ningün otro me&todo, incluidos los m&todos roentgenolögicos 
especiales, permite obtener los datos que la centelleografia proporciona sobre la forma, eltamafio, la posiciön 
y los defectos parenquimatosos del bazo. 

Esta exploraciön es tolerada incluso por personas gravemente enfermas; no es peligrosa y se puede someter 
a ella a enfermos ambulantes. La dosis de radiaciön que recibe el paciente es pequefia; para el bazo, es de 
unos pocos rad, segün el volumen de la gländula. La dosis media a las gönadas y al organismo entero es de 
40 mrad, es decir, muy inferior a la que el paciente recibe en muchos de los exämenes roentgenolögicos 
corrientes,. 


1. INTRODUCTION 


L'emploi de la methode scintigraphique nous permet d'enregistrer des 
organes tels que la thyroide, le foie, les reins ou le pancr&as. Cette me- 
thode consiste A marquer des substances accumuldes plus ou moins selec- 
tivement dans l!organe en question par un isotope radioactif. A l!heure ac- 
tuelle, on ne connait encore aucune substance s'accumulant selectivement 
dans la rate. Apr&s une injection d'or colloidal radioactif en vue d'une etude 
scintigraphique du foie on observe parfois une fixation splenique et medul- 
laire (Fig. 1). Toutefois ce phenome&ne, observe surtout lorsqu'il s'agit de 
formes avancees de cirrhoses, est inconstant [1, 2]; il exprime seulement 
l'activit& phagocytaire generale du syst&me reticulo-histiocytaire pour des 
substances colloidales. 

On obtient de m&äme une image de la rate apr&s l'injection de C1,19’Hg. 
Etant donne que cette substance s'accumule simultanement en concentration 
beaucoup plus forte dans d'autres organes parenchymateux, elle ne se pr&te 
pas non plus tr&s bien ä la gammagraphie splenique [3] (fig. 2). 
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Figure 1 


Photoscintigramme de face apr2s injection intraveineuse de 200 uc d’ 19®Au colloidal dans un cas de 
cirrhose hepatique. Bonne image du foie et de la rate. 


ru. 


Figure ? 


Photoscintigramme de dos 24 h apr2s injection intraveineuse de 200 uc de C1,!?’Hg chez un malade, 
apre&s nephrectomie du rein gauche. L'ombre du foie se projette A cöt& du rein droit; 
de plus, on voit la silhouette de la rate. 
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Deux faits connus depuis assex longtemps en h&matologie sont les piliers 
de base de la scintigraphie s&lective de la rate. Mais on ne lesa misen 
corr&lation que depuis peu. 

Depuis 1950, on sait que les h&maties peuvent &tre marquees de manitre 
irreversibleparle SlCr [4]. Cettetechnique de marquage est actuellement 
utilisee dans le monde entier pour determiner la survie erythrocytaire. Des 
mesures effectu&es ä la surface du corps apr£s l'injection d'h&ematies 
marqu&e, ont montr& que 1l'on trouve une haute activit& du ölCr dans la 
rate, surtout chez les sujets porteurs de la tare spherocytaire. HARRIS, 
MCcALISTER et PRANKERD [5] ont pu d&emontrer que des spherocytes arti- 
ficiels (par exemple, des Erythrocytes rev&tus d'anticorps anti-D incomplets 
ou des Erythrocytes alt&Er&s par des moyens physiques ou chimiques) sont 
captes dans la rate de la m&öme manitre mais beaucoup plus rapidement que 
les spherocytes d'origine naturelle [5]. 

En injectant des h&ematies marqu&es au SlCr et altör&des par un procede 
serologique, chimique ou physique, on peut donc obtenir une haute concen- 
tration de SlCr dans la rate et r&aliser de maniere satisfaisante une image 
de cet organe par scintigraphie. 

La premiere scintigraphie de la rate a &t€ r&alisee par JOHNSON et al. 
en utilisant des h&ematies marquees, revätues d'anticorps anti-D incomplets 
[6, 7,8]. Pour des raisons pratiques ce proc@d@ convient moins bien que 
celui qui utilise des h&maties alter&es par le chauffage. Cette methode fut 
employ&e pour la premi£re fois par WINKELMAN et aal. [9], WAGNER et al. 
[10,11], JAMMRT et al. [12]. Elle a trouv& entre temps une application 
de plus en plus &tendue [13, 19, 20, 21, 22, 23, 24, 25, 26]. 

Ce nouveau proc&d& diagnostique a une tr&s grande importance parce 
qu'il permet en toutes circonstances la mise en &vidence de la rate, ce qui 
est souvent difficile ou impossible par les moyens cliniques ou par les tech- 
niques radiologies classiques. 


2. TECHNIQUE 


On marque environ 5 ml d'Erythrocytes autologues avec 300-400 uc 
de Na, 5lCrO,, selon les techniques habituelles. L'alt@ration des hematies 
de pr&f@rence par chauffage, s'effectue dans un bain-marie ä 49, 5°C pendant 
20 min. Par le chauffage, la majorit& des Erythrocytes se transforme en 
spherocytes et en m&me temps on voit apparaitre des fragments Erythro- 
cytaires d'un diam£tre inferieur ä 2,54. La pr&paration des h@maties doit 
se faire sans h&molyse. 

L'injection des h&maties alterees par le chauffage est tr&s bien tolEree. 
Jusqu'ä pr@sent, parmi nos 500 malades, nous n'avons observe aucune r&- 
action secondaire, ni aucune complication. 

L'appareil utilise pour tous nos examens scintigraphiques est te 
MAGNASCANNER-PICKER. Par principe nous avons toujours €tabli deux 
scintigrammes synchronis6s en utilisant un stylo pour l'un et la photographie 
pour l!autre. Chez chaque malade nous avons r&ealise la scintigraphie en 
deux plans: en g@n&ral de profil sur le cöt€ droit et de dos, parfois aussi 
de face afin d'obtenir des donn&es plus exactes sur l'!€tendue de l!organe 


(fig. 3). 
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Figure 3 


Scintigraphie de la rate apr&s injection intraveineuse d’hEmaties altEr&es par chauffage. 
A gauche scintigraphie de face. au centre de profil (malade couche sur le cöt& droit), 
a droite scintigraphie de dos. 


3. BASE BIOLOGIQUE 


Chez les sujets normaux l'&limination des h&ematies altEr&es se traduit 
au cours de l!enregistrement par une courbe bi-phasique: 60 - 75% de l!acti- 
vit&e injectee est @limin&e du sang en une courte p£Eriode de 3,0-5,5 min, le 
reste en une plus longue p&@riode de 30-50 min. 

On retrouve r&egulierement la courte p&@riode dans la courbe d'activite 
splenique (fig.4). On peut donc la qualifier comme &tant la p&eriode d'ex- 
traction sp&cifiquement splenique. Une Etude approfondie de ce processus 
a montr& que l!on peut tirer des conclusions sur le fonctionnement propre- 
ment dit de la rate et du syst&me reticulo-histiocytaire [27] & partir de la 
vitesse d'&limination que l'!on vient de mesurer. 

Dans des cas pathologiques la d&Ecroissance de l'!activite du sang peut 
&tre fortement retard&e. Dans ces cas on constate sans exception une dimi- 
nution dans l!accumulation de l'activit€E de la rate. Par contre la courbe de 
l!activit€ hepatique montre une augmentation. 

Ces faits sont lourds de cons&quences pour la scintigraphie de la rate. 

a) Si le processus d'extraction selon lequel les h&maties passent du 
sang dans la rate,est retard& ou fortment diminug, l'!activite maximale de 
la rate est &galement diminuee; ceci entraine des oscillations statistiques 
assez importantes et une difference de niveau moins prononc&e entre la rate 
et les tissus environnants. Ainsi les conditions optimales ne sont plus re- 
alisees [28]. 

b) Si l!accumulation de l'activit€ dans le foie est accrue, on voit ap- 
paraitre cet organe dans le scintigramme. Dans le scintigramme de profil 
il est alors parfois bien difficile de d&limiter la rate du foie et cela peut 
donner lieu & des confusions. Dans certains cas on est oblige d'augmenter 
le contraste pour obtenir une s&paration nette entre la rate et le foie. 
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Figure 4 


Courbe d'Elimination des Erythrocytes alter&s du sang (diagramme du haut) et de leur accumulation 
dans la rate (diagramme du bas). Les courbes ont Et& normalis&es dans leur maximum A 100%, 
Les lignes en pointill€ repr&sentent les composantes obtenues graphiquement 
a partir de la courbe bi-phasique. 


4. LE SCINTIGRAMME ET SON INTERPRETATION 


Le scintigramme est toujours l'!expression visuelle d'une fonction bien 
determinde d'un organe. En ce qui concerne la fonction de la rate, c'est 
son intensit& d'absorption et de sequestration des sph@rocytes qui est en 
cause. Les examens histologiques ont montr& que la sequestration des h&- 
maties altör&es par le chauffage se fait dans le reseau re&ticulaire perisinu- 
sal. Ces h&maties alter&ees sont arr&t&es dans ce filtre, parce qu'elles ont 
perdu leur plasticite qui normalement leur permet de passer & travers les 
pores qui ont un diame£tre inf&erieur au leur. Il s'agit donc d'un filtrage qu'on 
pourrait qualifier de m&canique et qui arr&te les spherocytes dans la rate. 
Par contre, les fragments Erythrocytaires d'un diam£&tre inferieur ä& 2,5 u 
peuvent passer cette barriere et se reintegrer au sang. Leur Elimination 
se place dans la longue p6&riode de la courbe bi-phasique que nous avons dejä 
mentionnee plus haut. Ils sont ensuite phagocyte&s par les cellules du sys- 
teme re&ticulo-histiocytaire. 
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Des changements de l'architecture histologique de la rate, notamment 
du reseau reticulaire p6erisinusal, peuvent entrainer une diminution de la 
capacit& de s@questration. Ces changements histologiques peuvent @tre de 
nature diff6rente: affection primaire des cellules reticulaires, prolif@ration 
des &l&ments lymphatiques pathologiques, m&taplasie m@dullaire dans la 
rate ou destruction du tissu splenique et remplacement de ce dernier par 
du tissu conjonctif. Si les ar&ales de fixation defectueuses depassent une 
certaine dimension, elles s'ext@riorisent dans le scintigramme. 

Dans des cas exceptionnellement rares le tissu splenique normal peut 
&tre compl&tement bouleverse. La rate perd alors toute sa facult€ de 
sequestrer les h&maties alt6r&ees. Parmi 500 cas, nous avons observ&@ une 
seule fois un tel cas chez une malade atteinte d'une leuc&mie myeloide en 
pouss&e myeloblastique. L'examen histologique de cette rate dont le volume 
etait fortement augmente (3700 g), a montr&@ que le r&eseau re@ticulaire p&- 
risinusal avait et€ compl&etement remplac& par des plaques homog£nes de 
mye€loblastes. JOHNSON et al. ont decrit un cas analogue chez une malade 
€egalement atteinte de leuc&mie mye&loide chronique [7]. JAMMET etal. 
ont observ& une fixation splenique d&efectueuse dans un cas de sarcome sple&- 
nique, et l!impossibilit€ de la rate ä fixer des h&ematies dans un cas de ma- 
ladie de Hodgkin [12]. 

Mais il semble qu'il s'agisse ici de cas tout ä fait exceptionnels, car 
nous avons observ&@ plusieurs malades oü la fixation splenique, bien qu'!'in- 
ferieure ä 20% de la totalit@ de l!activite inject&ee, ne nous a nullement em- 
p&che€ d'obtenir une image scintigraphique satisfaisante de l!organe. 


5. LES INDICATIONS DE LA SCINTIGRAPHIE DE LA RATE 


La scintigraphie de la rate est la methode de choix pour &tudier la topo- 
graphie, la forme et les dimensions de la rate. Etant donn& qu'elle ne pr&- 
sente aucun risque pour le malade et qu'elle est tr&s fid&le dans ses re&e- 
sultats, elle fait d&ja partie du r&pertoire diagnostique de la clinique avec 
les indications suivantes; 

a) mise en Evidence des spl&Enom&galies non d&celables par les moyens 

cliniques et radiologiques, 

b) appre&ciation quantitative des dimensions de la rate, 

c) identification des tumeurs dans l'hypochondre gauche (fig. 5), 

d) recherche des rates accessoires apr&s la spl@nectomie (fig. 6), 

e) mise en Evidence des rates ectopiques (fig. 7), 

f) mise en Evidence des l&Esions spleniques, par exemple: infarctus, 

necroses, kystes intraspl@niques, rupture de la rate (fig. 8, 9,10). 


6. APPRECIATION QUANTITATIVE DES DIMENSIONS ET DU VOLUME 
DE LA RATE PAR LA SCINTIGRAPHIE 


6.1. Appreciation quantitative des dimensions 


Comme nous avonspu le d&montrer, on peut obtenir une image scinti- 
graphique tr&s fid&le de la rate, en respectant certaines conditions lors de 
l!’examen [28]. 
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Figure 5 


Styloscintigramme de face chez une malade avec une grosse tumeur de l'hypochondre gauche. 
La tumeur ne correspond pas-a la rate, Il s'’agissait d'un neurinome de l'espace r&trop£ritoneal, 
identifi€ lors de l’op£ration. 


Figure 6 


Photoscintigramme de dos, 18 ans apr&s l'ablation de la rate en raison d'un traumatisme. 
On remarque une rate accessoire hypertrophiee ainsi qu'une forte fixation hepatique et mEdullaire. 


346 J. FISCHER et R. WOLF 


Figure 7 


Styloscintigrammes chez une malade pr&sentant une ectopie de la rate (situs inversus partialis) 
apr2s injection d’hEmaties altEr&es par chauffage et marqu&es avec du °!Cr: a) de face, 
b) de profil, la malade Etant couchee sur le cöt€ gauche, c) de dos. 


Par la planime6trie, on peut facilement @valuer la superficie du scinti- 
gramme. Le scintigramme de profil sur le cöt&E droit pr&sente presque 
sans exception la plus grande superficie. Ceci correspond bien ä la disposi- 
tion anatomique de la rate. Chez des sujets normaux la superficie scinti- 
graphique de la rate ne d&epasse gen&eralement pas 80 cm?. 

Pour pouvoir mieux comparer nous avons &tabli une relation entre la 
superficie scintigraphique de la rate et la superficie du corps du malade 
et nous avons ainsi defini un indice de superficie splenique (ISS), qui nor- 
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Figure 8 


s Styloscintigramme. Infarctus splenique. 
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Figure 9 


Styloscintigramme de profil. Forte augmentation de la rate dans un cas de mononucl&ose infectieuse 
avec de larges ar&ales de fixation defectueuse surtout dans le pöle sup£rieur. 
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(e) 


Figure 10 


Styloscintigrammes d'une splönom&galie extreme: a) premier examen, b) deuxiöme examen 
cix mois apr&s; il montre une large n&crose dans le pöle inferieur, c) le scintigramme de la 
pi®ce anatomique pathologique montre la cuncordance avec les lEsions enregistrees in vivo. 
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malement varie entre 2,8 et 4,5-10-3, chez des sujets ayant une rate nor- 
male [16]. 

La determination de l'indice de superficie splenique, permet pour la 
premiere fois d'etablir des donnees quantitatives sur le degr& de la sple- 
nomegalie. De plus il nous donne l'objectivit@ d&esir&ee pour savoir dans 
quelle mesure nous sommes capables de d&eceler une augmentation de la 
rate par les moyens cliniques de la percussion et de la palpation. En pre- 
nant comme critere pour une rate ayant certainement augmente de volume, 
une superficie splenique superieure & 80 cm? ou un indice de superficie sple- 
nique au-dessus de 4,5.10-3, nous avons obtenu les chiffres indiques dans 
le tableau I. 

TABLEAU I 


DETECTION DE SPLENOMEGALIE 


Splenome&galie d&cel&e par Pourcentage de cas 


deceles par les 


methodes cliniques 
m 
BE ee 
EB Eu BE BEN BET 


Nos r&sultats d&Emontrent que dans 26,8% de nos cas seulement, les 
moyens cliniques ont permis de constater une augmentation de la rate. Ceci 
signifie que dans environ 75% des cas n'ayant pas &t& pr&selectionnes, l!aug- 
mentation de la rate se soustrait ä la constatation clinique. 

Il faut prendre aussi en consid6ration le fait que certains Etats patho- 
logiques comme par exemple l!ag@n&sie ou l'atrophie, les ectopies ainsi 
que les rates accessoires, &chappent totalement aux methods d'investigation 
cliniques tout comme ä l'investigation radiologique classique. De plus, il 
n'est pas rare de consid&rer & tort une tumeur de 1'hypochondre gauche 
comme 6tant la rate. 

Si l'!on incorpore &galement ces derniers cas dans notre consid@ration 
d'ensemble, nous en arrivons & la conclusion suivante que les m&thodes 
cliniques et classiques de la radiographie ne nous donne que dans 17% des 
cas des pr&cisions valables sur la topographie et les dimensions de la rate 


(tableau II). 
Mis ä part l!&v&nement rarissime d'une aspl@nie fonctionnelle, telle 


que nous l!avons decrite dans un chapitre pr&c£@dent, il nous est toujours 
possible par la scintigraphie de la rate de r&aliser avec pr&cision une image 
de cet organe, et c'est une loi constante, 


Maladies 


Maladie de Hodgkin 


Polycyth&mie 


Nombre de cas 


Leuc&mie 
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TABLEAU II 


RESULTATS DE. LA SCINTIGRAPHIE DE LA RATE DANS 300-GA5 


La tumeur palp&e ne correspond pas A la rate, contrairement A 


la supposition clinique 


Rate de volume inferieur A la normal (ISS < 2,8). 


Malades spl&nectomises (2 A 31 and apr2s l’ablation). 
En trois cas, mise en Evidence de rates accessoires, 


Situs inversus totalis (2 malades) 
Situs inversus partialis (1 malade). 


La rate nettement augmentee de volume (ISS > 4,5) n'a Et& de- 
cel&e cliniquement que dans 26,8% de cas. 


6.2. Appreciation du volume 


Il est difficile de d&terminer directement le volume de la rate ä l!aide 
de la scintigraphie. Pour enarriver lä, il faudrait connaütre la section 
transversale maximale de l!organe et perpendiculairement ä celle-ci l!&ten- 
due en profondeur. Comme la rate est suspendue de facon tres mobile dans 
l!organisme chaque changement de position du malade est suivi d'une rota- 
tion notable de l!axe splenique. De ce fait on ne peut pas connaitre avec 
exactitude son &tendue en profondeur, exception faite des splenome&galies 
importantes. 

Th&oriquement on peut &tablir une corr&lation entre la superficie scin- 
tigrafique et le volume de la rate en postulant que l!augmentation de l!organe 
se fait selon un m&me accroissement dans les trois dimensions. 

Pour ce cas on peut appliquer l'&quation suivante: 


V= aF3%2 


oü a est le facteur de proportionalit€ et F est la superficie du scintigramme. 

Cette Equation correspond aux relations num£riques qui ont &t& indiquees 
par DOERING, pour la determination du poids de la thyroide ä base du scin- 
tigramme [29]. 

Dans 19 cas, nous avons pu determiner le poids de la rate pr&@levee par 
spl&enectomie (une fois par autopsie) peu apr&s avoir fait une scintigraphie 
in vivo, 

La courbe obtenue en mettant en relation la superficie scintigraphique 
et le poids de la rate, est repr&sentee dans la figure 11. Comme le de- 
montre ce diagramme les valeurs th&eoriques concordent fort bien avec les 
valeurs empiriques jusqu'&ä un poids d'environ 800 g. Pour des volumes 
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0 100 200 300 400 500 (cm?) 
Figure 11 
Nomogramme pour determiner le volume splenique base sur la superficie de scintigramme. 
(© —— ©: courbe empirique) 
(T*--- D: courbe theorique) 


sup€rieurs, le poids r&el semble ätre plus &lev& que les valeurs calculees. 
Il faut cependant consid@rer que la courbe a 6t& &tablie ä partir d'un nombre 
relativement faible de cas. Des examens approfondis vont montrer si on 
peut arriver par ce moyen ä @tablir un nomogramme qui permette de de- 
duire le volume de la rate ense basant sur la superficie scintigraphique. 

Dans les spleEenom&galies importantes on peut constater que le change- 
ment de position du malade n'est plus accompagn& d'une rotation de l!organe. 
Ainsi on peut obtenir par la scintigraphie en deux plans les mesures ne- 


cessaires pour calculer le volume. 


7. CONCLUSION 


La scintigraphie de la rate est une me&thode de recherches extr&mement 
importante pour la clinique. Les possibilit€es fondamentales qu'elle offre 
consistent en ceci: pouvoir reproduire pour la premitre fois de maniere 
simple et toujours fid&le la forme, la position et les dimensions de cet or- 


gane. Elle permet en outre des diagnostics qu'il Etait impossible de for- 
muler jusqu'ä present d'apre&s les autres me&thodes, comme par exemple 


prouver la perte de tissus parenchymateux en cas d'infarctus et de necrose 
splenique. L'atrophie de la rate, des rates accessoires et des ectopies ne 
peuvent &tre pratiquement d&cel&es que par cette methode. Elle permet 
d'eliminer avec certitude toutes les tumeurs de l'!hypochondre gauche, qui 
ne sont pas d'origine splenique. 

En determinant la superficie du scintigramme et en calculant l'indice 
de la superficie splenique, on peut obtenir des donn@es quantitatives sur 
les dimensions de l'!organe. 

Outre les facteurs connus qui limitent en g@n&@ral les possibilit&s de 
la scintigraphie, l'&tat fonctionnel de la rate peut &tre lui aussi un facteur 
limitatif. Quand la rate n'est plus capable de s&questrer des sphErocytes, 
on ne peut pas, ä partir de cette methode, repr&@senter cet organe par un 
scintigramme. Mais ceci ne joue aucun röle dans l!’emploi pratique de cette 
methode car de tels cas sont extrömement rares. 
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SCINTILLATION SCANNING OF THE SPLEEN WITH 
RED CELLS LABELLED WITH CHROMIUM-51 


F. SPINELLI-RESSI 
ISTITUTO DI RADIOLOGIA E MEDICINA NUCLEARE, OSPEDALE MAGGIORE, 
MILAN, ITALY 


Abstract — Resume — AunoTauma — Resumen 


SCINTILLATION SCANNING OF THE SPLEEN WITH RED CELLS LABELLED WITH CrS!. Satisfactory 
scintiscans of the spleen have been obtained using chromium-51-labelled red cells, modified by two methods. 
Initially red cells were sensitized in vitro by coating with incomplete anti-D antibody. In this method the 
concentration of sensitized red cells in the spleen is proportional to the volume of anti-D serum employed in 
the sensitization procedure. Satisfactory scintiscans were obtained using 0.50 mlofa1:128 dilution of anti-D 
serum, having an original titre of 1: 512/ml of red cells. 

In spite of good results, the sensitization method, utilizable only in Rh positive patients, has been 
replaced by the method using red cells modified by heating, which is technically easier and may be used 
also in Rh negative patients. 

The image of the spleen is clearly delineated in all the cases, without interference from hepatic radio- 
activity. The spleen: liver ratio ranges between 5:1 and 10:1. 

To date scintillation scans of the spleen have been performed in about 60 patients. No immediate or 
delayed clinical reactions have been observed in the patients after the injection of sensitized or heated 
red cells. 

Since the radiation dose delivered to the patient is lower than the dose delivered in many radiological 
and clinical examinations with radioactive isotopes, the scanning procedure has been widely used in the 
differential diagnosis of the masses of the left abdomen. Among the cases studied, it is worth while mentioning 
two cases of splenomegaly associated with a tumour of the left kidney, one case of Banti's disease in a patient, 
in which a neoplasm of descending colon was suspected and a case of neuroblastomä in a patient two years 
old, in which the scintiscan of the spleen and that of the kidneys were of great help in making the 
right diagnosis. Further, the scintiscan has been of unique utility to rule out an accessory spleen and to 
demonstrate the spleen in congenital malformations, like situs inversus viscerum. In patients affected by 
chronic leukaemia the scanning procedure has been used in objectively demonstrating modifications in spleen 


size after roentgen-ray therapy. 


SCINTIGRAPHIE DE LA RATE AU MOYEN D'HEMATIES MARQUEES AU CHROME-51. L'auteur a obtenu 
des scintigrammes satisfaisants de la rate au moyen d'h&maties marqu&es au chrome-51, altEr&es suivant deux 
methodes differentes. La methode utilisee en premier lieu consistait A sensibiliser les h&maties in vitro en les 
rev&tant d'anticorps anti-D incomplet. Avec cette methode, la concentration dans la rate des h&maties sensibi- 
lisees est proportionnelle au volume de serum anti-D utilis€ pour la sensibilisation. L'auteur a obtenu des 
scintigrammes satisfaisants en utilisant, par ml d’h&maties, 0,50 ml de serum anti-D dilu& A 1:128, dont le 
titre initial Etait de 1:512. 

Bien qu’elle ait donne de bons r&sultats, la me&thode de sensibilisation, qui ne peut Etre utilisee que 
chez des patients a Rh positif, a &t€ remplac&e par une autre m&thode dans laquelle les hematies sont altEr&es 
thermiquement; cette seconde methode est techniquement plus facile et peut Egalement £tre appliqu&e chez 
des patients a Rh n&gatif. 

L'image de la rate est nettement d&limit&e dans tous les cas, sans interference due A la radioactivite 
hepatique. Le rapport rate:foie varie entre 5 et 10. 

A ce jour, l'auteur a &tabli des scintigrammes de la rate pour une soixantaine de patients. Aucune 
reaction clinique, imme&diate ou differ&e, n'a Et€ observ&e A la suite de l'injection d'h&maties sensibilisees 
ou alter&es thermiquement. 

La dose de rayonnement delivree au patient Etant inf&rieure A la dose administr&e dans de nombreux 
examens radiologiques et cliniques au moyen des radioisotopes, cette methode scintigraphique est largement 
utilisee a 1'höpital de l'auteur pour le diagnostic diffErentiel des masses de la partie gauche de l"abdomen. 
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Parmi les cas Etudies, il convient de citer deux cas de splenome&galie associee a une tumeur du rein gauche, 
un cas de maladie de Banti chez un sujet pr&sentant les symptömes d'un n&oplasme du cölon descendant et 
un cas de neuroblastome chez un enfant de deux ans, que la scintigraphie de la rate et des reins a beaucoup 
aid A diagnostiquer correctement. En outre, la scintigraphie peut seule permettre d’Ecarter l'hypoth&se d'une 
rate accessoire et de visualiser la rate dans les malformations cong£nitales telles que l'inversion visc&rale. 
Chez les sujets atteints de leuc&mie chronique, la scintigraphie a permis d'obtenir une preuve objective des 
modifications de la taille de la rate apr®s roentgenth£rapie, 


CHAHTUNNAUMOHHOE CKEHHNMPOBAHHE CEJIE3EHKH € TIOMOUBKR 9PAUTPOUHTOB 
MEMEHHbIX XPOMOM-51. YnoBneTBopuTenbHbIe CHMHTUTPaMMbI Cene3eHKH ÖbINM MONYUEHBI 
NPH HUCNONB3OBAHUN 9PUTPOUMTOB, MEYEHHBIX XPOMOM-51, YTO OCyWECTBNANOCB ABYyMA CNOCOÖaMmH. 
TlepsoHayanbHo 3PUTPOUHTEI CeHCHÖHNHSMPoBann in vitro ryTeM BO3NeÄCcTBuA HenonHOoTO aHTH-D 
aHunrutena. Ilpm TakoM MeToAe KOHUeHTPAauNA CeHCHÖHNIH3HPOBAHHBIX IPHTPOUNTOB B ceneseHke 
MPONOPUNMOHANbHAa O6beMy IIPHMEHAEMOH B NPollecce CeHCHÖHNH3AaUHH ChIBOPOTKH autu-D. Yao- 
BAETBOPHTENBHLbIE CUMHTUTPAMMbI ÖbIIM MONyYYeHbI PM UCNONB3OBAaHuNn 0,50 MN CbIBOPOTKHU aHTu- D 
B pas6asneHun 1:128, npm nepBoHayanbHoM TUTpe 1:512, na 1 mn 3puTpountoB. HecMorpa Ha 
xopolIme pe3y1bTaTbl, METOA CeHCHÖHNHZALUHN, IPHMEHHUMBbIÄ AMUIbB y Pe3yC-MONOKHTENBHBIX 60NBb- 
HbIX, ÖbIJ1 3aMEHEH METOAOM C HCNOABSOBAHHeM IPHTPOUNTOB, BHAOH3MEHEHHEIX NOCPeACTBOM Ha- 
TpeBaHuug, KOTOpbIH B TEXHHYeCKOM OTHOWEHHH TOpa3A0 Ipolle H MOXKET NHCNONB3OBATbCA Hy pe- 
3yC-OTPHUATEeNBHEIX 6ONBHBIX. 

N306paxeHHe cenegeHKU MHMENO YETKyP KOH®HTYypaumm BO Bcex cııyyaax 6e3 KaKuX NN6o 
NOMeX 3a CYeT PalAHOaKTUBHOCTH NeyeHuH. COOTHOLIeHHe CeleseHKa-MeyeHb Koneönerca B npe- 
nenax Mexay 5:1 u 10:1. 

K HacToaueMy MOMEHTyY CUMHTUTPaAMMBI NeyeHH MONyyeHbI noyuTHu y 60 60nBHbIX. Y 6ONBHBIX 
NOCNe UHbEKLHNH CeHCHÖHMIMSHPOBAHHEIX HIIM TIOAOTPETBIX 3PHTPOUHTOB He Ha6NMAanoCBb Henocpen- 
CTBEHHBIX UIH OTAANEHHEIX KIIMHNYecKNX peaKkumf. I[lockonbky Aosa pallmauun, nonyyueHHasa 60Nnb- 
HbIM, MEHbUIe MO3SbI, NOAy4yaeMoÄ IIPH MHOTHX PalNHONOTHYEeCKHX H KIIHHHYECKUX HCCNEeNOBAaHHAX 
3a CyeT palnHOaKTHBHbIX U3OTONOB, TO IPOUeAypa CKeEHHMPOBAHHYA IUMPOKO HCNONB3OBAanacb AA 
anddbepenHumanbHOoN AHATHOCTHKH O6PasoBaHnf B NeBOoÄ MONOBHHe 6PPLWHOÄ NONOCTH. Cpenu u3y- 
YaBUIHXCA CNyyaeB 3acıyxKHUBaPwT YIOMMHaHHA ABa CNyyası CNNEHOMETANHH, CoyeTaBlimeca C ONy- 
XO1bP NEeBON TIOYKH, OAUH cnyyahi Ö6onesuu BaHrTu y 60nNBHOTO, TAe npeAanonaranochb HalmuuHe HOBO- 


o6pa30BaHuı B HHCXONAWEH MeTne TONCTOÄ KUUKH, a Takxe Cıyyah HeipoönacroMbI y ABYyXIeTHero 
pe6enka, IPH KoTOpof CUMHTHTPaMMa ceneseHKH H NOYeK OKasbIBamrT 6onbUIyP NOMOUB MIA NO- 
CTaHOBKH NPaBUNbHOTO AMarHosa. Kpome Toro, CUHHTUTPaMMa ABHNAaCb YHUKANBHBIM METOAOM 
ANA UCKIWYEeHHA MO6aBOUHON CeNe3eHKH H MIA MEMOHCTPAUHNM Celle3eHKH IIPH BPOXAEHHBIX aHo- 
MalHUAX, MONOÖHbIX O6PATHOMY PaCMONOKEHHW BHYTPeHHOCTeH. Y ÖONBHEIX XPOHHYecKof Tefkemmeh 
CKEHHHPOBAHHE HCNONB3OBANOCB ANA OÖbBEKTUBHON MEMOHCTPAUHH H3MEHEHHA Pa3MEepoB Cele3eHKH 
nocne peHTreHoTepanHuH. 


EXPLORACION CENTELLEOGRÄFICA DEL BAZO MEDIANTE ERITROCITOS MARCADOS CON CROMO- 51. 
El autor ha obtenido centelleogramas satisfactorios del bazo empleando eritrocitos marcados con cromo-S1l, 
modificados por dos procedimientos. Al principio, sensibilizaba los eritrocitos in vitro recubri@ndolos con 
un anticuerpo incompleto anti-D. Con este procedimiento la concentraciön en el bazo de eritrocitos sensibili- 
zados resulta proporcional al volumen del suero anti-D empleado para su sensibilizaciön. Con 0,50 ml de 
una soluciön de suero anti-D, diluida al 1:128 a partir de un titulo inicial de 1:512, por milimetro de eritro- 
citos, se han conseguido centelleogramas satisfactorios. 

Pese a sus buenos resultados, este procedimiento de sensibilizaciön, que sölo puede aplicarse a pacientes 
con Rh positivo, fue sustituido por un me&todo basado en el empleo de eritrocitos modificados por la acciön 
del calor, me&todo que es mäs fäcil de utilizar y que puede aplicarse tambien a pacientes con Rh negativo. 

En todos los casos la imagen del bazo aparece claramente delineada, sin ninguna interferencia de la 
radiactividad hepätica. La razön bazo/higado varfa entre 5:1 y 10:1. 

Hasta ahora el autor ha procedido a la exploraciön centelleogräfica del bazo de unos 60 pacientes. No 
ha observado en estos ültimos ninguna reacciön clinica inmediata ni retardada despu6s de la inyecciön de 
los eritrocitos sensibilizados o calentados. 

Como la dosis de radiaciön recibida por el paciente es inferior a la que se administra en muchos exämenes 
radiolögicos y clinicos efectuados mediante isötopos radiactivos, este procedimiento de exploraciön ha sido 
muy utilizado para el diagnöstico diferencial de las masas de la mitad izquierda del abdomen. Entre los 
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casos estudiados, cabe mencionar dos de esplenomegalia acompafiada de tumor del rifön izquierdo, uno de 
enfermedad de Banti en el que se sospechaba la presencia de un neoplasma del colon descendente, y otro de 
neuroblastoma en un nifio de dos afios, cuyo diagnöstico fue facilitado por el centelleograma del bazo y de 
los riiones. La exploraciön centelleogräfica ha sido, ademäs, de suma utilidad para descartar la existencia 
de un bazo suplementario y sefialar malformaciones cong£nitas del bazo, tales como un situs inversus viscerum, 
En pacientes afectados por leucemia crönica este procedimiento de exploraciön ha servido para demostrar 
objetivamente la existencia de modificaciones del tamafo del bazo causadas por una aplicaciön terap£utica 
de rayos X, 


1. INTRODUCTION 


The scintigraphy of the spleen, introduced by JOHNSON et al. [1] and 
WINKELMANN etal. [2], has proved particularly interesting in clinical prac- 
tice [3]. 

By means of an ordinary roentgenologic examination the visualization 
of the spleen is often unsatisfactory. Even with more complex techniques, 
such as retropneumoperitoneum and splenoportography, the differential diag- 
nosis of a mass is not always possible. Furthermore, these examinations 
are rather troublesome for the patient. 

During liver scanning with colloidal radiogold radioactivity is found also 
in the spleen. Most of the radiogold, however, is taken up by the reticuloen- 
dothelial tissue of the liver, so that the amount of Aul98 concentrated in the 
spleen is often insufficient for scintillation scanning. Furthermore, bythis 
method the radioactivity of the left hepatic lobe interferes with the splenic 
area and a satisfactory delineation of the spleen is not possible. 

As we pointed out in previous reports [4,5], the scintigraphy of the 
spleen, largely used in our hospital, has been found particularly useful in 
the differential diagnosis of the masses of the left abdomen. 


2. TECHNIQUE 


2.1. Preparation of red cells 


Only occasionally in pathological conditions are unmodified red cells 
highly sequestered by the spleen. Therefore in order to concentrate in the 
spleen a sufficiently high radioactivity to visualize the organ red cells must 
be modified before injection. They may be modified by two methods. 

In the first method red cells are sensitized in vitro by coating with 
incomplete anti-D antibodies. Red cells are washed several times, each 
time with 10 vol. of sterile isotonic saline. To the erythrocytes an equal 
volume of isotonic saline and the human anti-D serum are then added. The 
mixture is incubated at 37°C for 30 min. Care must be taken that in all the 
operations a sterile technique is employed. Splenic trapping of sensitized 
red cells is proportional to the volume of anti-D serum employed in the sen- 
sitization procedure. JOHNSON et al. [6] report that satisfactory red cell 
sensitization was obtained by adding to the entire red cell suspension 6 ml- 
0.5 ml of a1:128 dilution of anti-D serum having an original titer of 1: 512. 
Under these conditions Coombs' test performed on the red cell suspension 
was positive. With the quantity of serum used by JOHNSON et al. [1] we 
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Bigal 


(A,B,C) Scintiscans of the spleen performed with red cells sensitized with differing quantities 
of anti-D serum 


could not obtain satisfactory scintiscans (Fig. 1A); radioactivity in the spleen 
was very low, whereas circulating radioactivity due to insufficiently sen- 
sitized labelled red cells, which were therefore not sequestered by the 
spleen, was relatively high. Furthermore, in these conditions, Coombs' 
test was negative. Also with a double quantity of anti-D serum the visuali- 
zation of the spleen was still unsatisfactory (Fig. 1B). A high concentration 
of red cells in the spleen and a satisfactory delineation of the organ were 
obtained with greater quantities of anti-D serum, i.e. with 0.5 ml of anti-D 
serum per ml of red cells (Fig. 1C). Under these conditions Coombs! test 
was positive. The sensitization method is applicable only to Rh-positive 
patients. In the second method red cells are modified by heating. The whole 
blood is incubated in a water bath at 50°C for 30 min. This method is tech- 
nically easier and may be used also in Rh-negative patients. 


2.2. Labelling of red cells > 

A total of 200 uc of chromium-51 (as sodium chromate) are added to the 
red cells. 

When the sensitization method is used, the labelling process is initiated 
after sensitization and is completed in 1 h at 37°C, 

When the heated cell technique is used, the radioactive chromium is 
added to the blood before heating. In children, heated red cells and 2 uc/kg 
of Cröl are used. 
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2.3. Scintillation scanning technique 


We use a commercial scanning apparatus with lead-shielded I1-in scin- 
tillation crystal and with a cylindrical collimator measuring 20 mm in diam. 
and 100 mm in length. A spectrometer with "window" of 10 V, set on the 
peak of chromium-5l, is used. 

The probe is placed as close as possible to the skin. Scanning speed 
is6 mm/s. The examination requires about 45 min. 


2.4. Position of the patient 


The patient is placed in supine, prone or lateral position. Therefore 
anterior, posterior and lateral projections of the spleen may be obtained 
by means of the scintiscan. The best delineation of the spleen is usually 
obtained in the posterior scintiscan. However, in the differential diagnosis 
of the abdominal masses the anterior scintiscan seems to us more valuable. 
The lateral scintiscan is useful in assessing the size of the spleen and pro- 
bably in detecting intrasplenic localized lesions. 


3. THE MECHANISM OF SEQUESTRATION OF RED CELLS BY THE 
SPLEEN 


The mechanism by which modified red cells are almost totally seques- 
tered by the spleen has been discussed in a previous report 4]. The cause 
of sequestration of red cells sensitized with incomplete anti-D antibodies 
is still not completely known. However, it would seem that the two best 
explanations of this sequestration are: 

(a) agglutination of red cells and sequestration by the spleen, which 
acts as a passive filter; 

(b) spherocytosis as the consequence of the damaged erythrocyte meta- 
bolism and sequestration of the spherocytes by the spleen. 

The mechanism by which heated red cells are sequestered by the spleen 
is easier to understand. These cells undergo poikilocytosis, anysocytosis 
and spherocytosis, and are therefore easily sequestered by the spleen. 


4. RESULTS AND DISCUSSION 


4.1. General observations 


To date scintillation scans of the spleen have been performed by usin 
about 60 patients. In the majority of cases the heated red cell technique 
has been used. 

The image of the spleen is clearly delineated in allthe cases. Thean- 
terior scintiscan of a normal spleen is shown in Fig.2. The splenic areais 
roughly ovoidal in shape and defined by sharp margins. Figure 3 shows the 
posterior and lateral scintiscans of a splenomegaly in a patient with 
Laennec's cirrhosis. 
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Fig. 2 


Anterior scintiscan of a normal spleen 


Usually sufficient radioactivity to obtain a satisfactory scintiscan is 
detectable in the splenic area within 1 h after injection. However at this 
time the level of circulating radioactivity is relatively high; therefore in 
order to obtain a better delineation of the splenic area the scintiscan is per- 
formed between the 6th and 24th h. In all cases radioactivity is detected 
in the hepatic area, since hapatic sinusoids also behave as a passive filter, 
However, hepatic radioactivity is always much lower than splenic radio- 
activity. Serial counts on the loci of maximum radioactivity in the spleen 
and liver show that within 1 h after injection the spleen-liver ratio ranges 
between 5 : 1 and 10 : 1. Moreover hepatic radioactivity does not interfere 
with the delineation of the spleen because it is detectable only in the centre 
of the right hepatic lobe and not in the left lobe. 

On the basis of our experience an assessment of the clinical value of 
splenic scintillation scanning can be made. The scintillation scanning pro- 
cedure may be utilized to study the morphology and, subordinately, the func- 
tion of the spleen. 


4.2. Morphological study 


The scintillation scanning is the only method by which a direct visuali- 
zation of the splenic tissue can be obtained. > 

The procedure is particularly useful in the differential diagnosis of the 
masses of the left abdomen. In most cases the spleen is easily detectable 
by means of a physical examination. In addition the organ can be indirectly 
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Fig. 3 


Posterior (A) and lateral (B) scintiscans of a splenomegaly in a patient with Laennec's cirrhosis 


visualized by means of ordinary roentgenological examinations. However, 
when these examinations are not conclusive or cannot be carried out owing 
to the condition of the patient, the scintiscan can be helpful for the differen- 
tiation of an abdominal mass. The utility of the radioisotope technique is 
illustrated by the following cases. 

In a2-yr-old child ahuge mass was found upon physical examination. 
The mass could not be satisfactorily identified by means of several radio- 
logical examinations, including urography. The scintiscan showed that the 
mass was extrasplenic (Fig.4). 

Another patient, a 57-yr-old female, was admitted to hospital with se- 
vere anaemia and constipation. A few days before admission the patient 
had had a severe intestinal haemorrhage. In the left abdomen was found 
a mass, firm in consistency, which could not be indented with pressure. 
The first diagnosis of descending colon neoplasm was then thought ques- 
tionable because of a laboratory finding revealing a severe trombocytopenia. 
Owing to the condition of the patient and especially to the recent intestinal 
haemorrhage a barium enema was thought dangerous. The scintiscan (Fig.5) 
showed that the mass was a huge spleen, which occupied the entire left ab- 
domen. The patient was operated on and the scintiscan diagnosis was con- 
firmed. The case was classified as hypersplenism with secondary anaemia 
and thrombocytopenia. 

In our opinion the scintiscan of the spleen replaces in many cases more 
complex radiological techniques, such as retropneumoperitoneum and sple- 
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Fig. 4 


Photographic composition of a posterior scintiscan of the spleen and of a renal scintiscan with 
Neohydrin- Hg” ‚ performed in a 2-yr-old child with a left abdominal mass. The scintiscans show 


that the mass is extrasplenic and extrarenal. 


noportography. Undoubtedly the retropneumoperitoneum is of great value 
in the differentiation of some abdominal masses. However, in many cases 
the scanning procedure seems to be more practical as a routine method. 

In one case examined by us the scintiscan and the retropneumoperi- 
toneum were both indispensable for a correct diagnosis of a mass in the 
left abdomen. In this patient, after the physical and ordinary roentgenolo- 
gical examinations, an extrarenal tumour and a splenomegaly were thought 
to be associated. The scintiscan showed a slightly enlarged spleen; the in- 
ferior pole of the mass was roughly 5 cm below the inferior limit of the ra- 
dioactive area (Fig.6A). In order to better define the mass a retropneumo- 
peritoneum was performed. The tomographic examination showed no so- 
lution of continuity between the spleen and the supposed extrarenal tumour 
(Fig.6B). Onthe basis of this finding, a cyst at the inferior pole of the 
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Fig. 5 


Scintiscan of a huge spleen in a case of hypersplenism with secondary anaemia and thrombocytopenia 


spleen, appearing on the scintiscan as a ''cold'' area, was diagnosed. With 
only one of the two examinations a correct diagnosis would have been im- 
possible. The scintillation scanning is also of some utility in objectively 
demonstrating modifications in spleen size after antiblastic or roentgen-ray 
therapy in patients affected by chronic leukaemia. 

Finally itis worth mentioning two cases in which scintillation scanning 
has been of some interest. In one patient, splenectomized some years pre- 
viously and with a recent trombocytopenia, the scintiscan was performed 
in order to detect an accessory spleen and to study the liver behaviour when 
red blood cells sensitized with incomplete anti-D antibodies were injected 
into a splenectomized patient. The scintiscan (Fig.7) shows in the splenic 
area a radioactivity not significantly different from that of the background. 
The hepatic activity is low and not different from that observed in other 
cases. No other area of radioactivity has been found. 

In Fig. 8 the scintiscan of a child with situs inversus viscerum is shown. 
The spleen, normal iin shape, is located in the right abdomen. 

In all our scintiscans the distribution of the radioactive tracer in the 
parenchyma has been uniform, with the exception of one case of sarcoidosis 
with splenomegaly (Fig.9). The scintiscan of this patient shows a large 
spleen: the radioactivity is uniformly distributed in the lower pole, whereas 
intheremaining parenchyma the distribution ofthe tracer is non-homogeneous. 
A similar case was reported by JOHNSON et al. [7]. 
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Fig. 6 


(A) Hydatic cyst at the lower pole of the spleen, which appears on the scintiscan as a "cold" area 


(B) Retropneumoperitoneum of the same case 


4.3. Functional study ' 


The modified red cell technique has also been used for studying the func- 
tion of liver and spleen, utilizing the spleen-liver ratio. However, we do 
not believe that the spleen-liver ratio is a satisfactory measure of the func- 
tion of these organs. Indeed, the function of the liver can be studied by 
means of more accurate investigations. However, it would be of great value 
if by this method the function of the spleen could be evaluated. Unfortunately, 
since hepatic sinusoids also are able to sequester the modified red cells 
the spleen-liver ratio can only be an index of a function common to both 
organs [7]. 

Furthermore, it is likely that the variation of spleen-liver ratio is par- 
tially due to technical factors. Geometrical errors involved in the detection 

‚of radioactivity of two organs very different in mass may be one factor re- 
sponsible for the variation of spleen-liver ratio. Another factor, in our 
opinion, is the preparation of red cells. Thatis to say, itis possible that 
the degree of red cell alteration is not always the same, especially in patho- 


logical conditions. Consequently, the splenic and hepatic sequestration of 
red cells could vary independently of the function of the two organs. Itis, 
of course, difficult to state to what extent the factors mentioned above are 
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Anterior scintiscan performed in a splenectomized patient 


intiscan shows that the spleen is located in the right abdomen 
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Fig. 9 


Sarcoidosis with splenomegaly. Non-homogeneous distribution of radioactivity in the upper portion 
of the spleen. 


responsible for the variation of the spleen-liver ratio. In our examinations 
we have not found a constant relationship between spleen-liver ratio and 
the type of disease studied, with the exception of cirrhosis with splenome- 
galy, in which the spleen-liver ratio was usually high. In this case the in- 
creased ratio is probably due to a decreased sequestration of red cells by 
the liver. 

In any case it seems to us that this method is not sufficiently reliable 
to be used as a test for assessing the function of the spleen. 


5. HAZARDS 


We have never observed immediate or delayed clinical reactions after 
the injection of sensitized or heated red cells. In all cases we have used 
the patient'!s own cells, 

The amount of radiation delivered to the patient depends mainly on the 
chromium-51 dosage and on the extent of sequestration of red cells by the 
spleen. Accordingtoour observations, the effective half-life ofchromium-51 
in the spleen ranged between 8 and 16 d, being shorter when sensitized red 
cells were used. Under these conditions, if 200 uc of CrSl are injected, 
the whole body absorbs 30-50 mrad and the spleen absorbs 5-11 rad. In 
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evaluating the dose absorbed by the gonads, besides the dosage and the ef- 
fective half-life of Cr®l, the distance of the spleen from the ovary or testis 
has also to be considered. Because of the variations of position and size 
ofthe spleen and the different distance of the ovary and testis from the 
spleen, the dose absorbed may vary between 20 and 60 mrad. It is interest- 
ing to point out that in the retropneumoperitoneum the dose delivered to the 
ovary is about 2 r and the dose delivered to the testis is 0.3-0.5 r; in spleno- 
portography the dose delivered to the ovary is about 1 r and the dose de- 
livered to the testis is about O.1r [8]. 

Therefore, the radiation dose delivered to the patient by means of this 
method is within the limits accepted in clinical procedures using radioactive 
isotopes and lower than the dose delivered in several radiological examina- 
tions used for the diagnosis of the abdominal masses, such as retropneumo- 
peritoneum and splenoportography. 
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DISCUSSION 
(On the three foregoing papers) 


R. WOLF: Dr. Proukakis mentioned one case of autosplenectomy in 
which he was not able to visualize the spleen. On the other hand, he failed 
to find any activity in the liver and the total blood activity at the time the 
scan was begun was 6.9% of the initial dose. Where was the activity? 

C. PROUKAKIS: The case which was attributed to autosplenectomy 
showed a whole-blood radioactivity (expressed as a percentage of the ad- 
ministered dose) which was rather higher than that observed in most of the 
other cases. Radioactivity was detected over the hepatic region, but was 
not sufficient to allow a reliable liver scan to be made. It is possible that 
radioactivity was present in other organs of the reticulo-endothelialsystem. 
Since we did not make a whole-body count of Cr°l or collect urine, we do 
not know the amount of Cr5l that was excreted. 

R. WOLF: One of Dr. Spinelli-Ressi's figures (Fig. 9) was interpreted 
as showing non-homogeneous distribution of radioactivity in the upper portion 
of an enlarged spleen. Ithink, however, that the effect in question was 
caused by the anatomical location of the organ. The spleen is situated at 
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the back of the body and, when it becomes enlarged, it grows in a ventral 
direction. When the patient scanned is in the supine position, there ismuch 
more intervening tissue over the upper portion of the spleen than over the 
lower. This leads to a corresponding drop in the count rate over the former 
region. I should like to ask Dr. Spinelli-Ressi whether he tried to scan 
the patient in the prone position. 

F. SPINELLI-RESSI: We did not scan the patient in the prone position; 
on the other hand, the histological findings confirmed our interpretation. 

M. BEN-PORATH: Could Dr. Proukakis say what criteria he uses in 
defining a space occupying lesion on a photoscan and what was the time- 
constant in relation to the counting rate on the scans shown? 

C. PROUKAKIS: The criterion used in defining a space occupyinglesion 
on a photoscan is the presence of an area in which there is less blackening 
of the film surrounded by an area where the blackening is denser. This is 
considered especially characteristic when the area in which there is less 
blackening is located in the central part of the organ examined. 

I should like to ask my colleague, Dr. Binopoulos, to answer your second 
question. 

D. BINOPOULOS: The time constant was one second ortwo seconds, de- 
pending on the counting rate. 

K. EPHRAIM: In Fig.2 of Dr. Fischer's paper, which shows a spleen 
scan obtained with Hg19’Cl,, there is a very sharply delineated area which 
is clearly lighter than the rest of the spleen. In some of the other scans 
he presents, there are other sharply delineated areas which are very much 
darker than the rest of the spleen. I should like to ask Dr. Fischer if these 
areas have any clinical significance or if they are just artefacts. 

J. FISCHER: These are artefacts which sometimes appear in stylus 
scintigrams as a result of the adhesion of carbon (burnt paper) to the stylus. 
On the other hand, these defects never appear in the photo-scintigram which 
is made at the same time. 

M. BEN-PORATH: Would you comment on your findings in scanning 
the spleens of patients suffering from leukaemia and polycythaemia? 

J. FISCHER: The variations in spleen size in cases of leukaemia and 
polycythaemia are shown in Table I of our paper. The spleen is always en- 
larged in leukaemia and in 75% of cases of polycythaemia which have not 
undergone therapy. I should like once again to draw attention to the dif- 
ferences between clinical and scintigraphic findings. In both diseases the 
examination of the rate of elimination of damaged red cells from the blood 
is of special interest. 

B. MALAMOS: In carrying out your spleen scans, numbering over 600, 
were you ever obliged because of technical difficulties to inject the heat- 
treated Cröl-]labelled red cells a second time? 

J. FISCHER: Up to now we have not had to repeat a spleen scan as a 
result of technical difficulties connected with the preparation of red blood 
cells. I should like to point out, however, that it is sometimes necessary 
to scan a patient in three positions. We scanned two patients who had under- 
gone Thorotrast examinations 20 years previously and in whom the spleen 
had been reduced to the size of a walnut. We could not demonstrate these 
spleens when the patients were scanned in the supine position, nor could 
we do so ina lateral scan, since most of the activity accumulates in the 
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liver. We could, however, observe the atrophic spleens when the patients 
were scanned in a prone position. 

A. BAPTISTA: Did any of the authors of the papers under discussion 
inject Cröl-labelled erythrocytes from patients suffering from such blood 
disorders as sickle-cell anaemia into normal subjects and, if so, what did 
they observe in the clearance curve and/or spleen scan? 

H. GYFTAKI: The purpose of our study was to visualize spleen lesions 
in cases of congenital haemolytic anaemia. We did not inject heat-treated 
Cr>5l-]abelled erythrocytes from such patients into normal subjects, and, 
consequently, we have no information regarding clearances of these cells 
in normal subjects or scans following this procedure. 

J. FISCHER: Heat treatment is the only method which simulates the 
normal aging of erythrocytes. Allthe alterations occurring in erythrocytes 
which have aged in the normal way or in erythrocytes which have been stored 
are also found in heat-treated erythrocytes. During 20 min of heating at 
50°C the life-span of a normal erythrocyte is reduced by a factor of 5000 to 
6000. 

B. MALAMOS: Which of the two methods used by Dr.Spinelli-Ressi, 
i.e. sensitization and the heat-treatment technique, was found to be the 
more satisfactory? 

F. SPINELLI-RESSI: It is certainly easier to use the heat-treatment 
technique. 

B. MALAMOS: Did you find one of these techniques superior to the 
other in any diseases for the purpose of visualizing the spleen? 

F. SPINELLI-RESSI: No. 


XI 


CLINICAL APPLICATIONS: LIVER 


> 


>= 


e 
ie 
. 
— 
Den 
PY 
_ 
Pe [3 
vu 
+ 
pen 
* 


APPLICATION DELA METHODE SCINTIGRAPHIQUE A 
L'EXPLORATION MORPHOLOGIQUE DU FOIE AU 
COURS DE L'AMIBIASE 


R. GONGORA ET H. JAMMET 
FONDATION CURIE, PARIS, FRANCE 


Abstract — Resum& — Annotauns — Resumen 


USE OF THE SCINTIGRAPHIC METHOD IN MORPHOLOGICAL EXPLORATION OF THE LIVER DURING 
AMOEBIASIS. Increasing recourse is being had to the scintigraphic method of morphological exploration of 
the amoebic liver owing to the frequency of hepatic localizations of amoebiasis and to the difficulties of 
clinical and paraclinical diagnosis of amoebic abscess of the organ. The method yields data of great im- 
portance in this field. 

The authors quote the statistics of examinations they have carried out and endeavour to draw conclusions 
from them. 

They describe the examination technique from the following points of view: 

(a) Thechoiceof materials (I!3--labelled Rose Bengal and Au!®% in colloidal solution) with their advantages 
and disadvantages; 

(b) Theapparatusused, with special reference to the problem of collimation; 

(ec)  Actualperformance of the examination, involving a functional study and the scintigram itself, which 
has to be carried out from different angles; 

(d) Repetitionofthe examination after an interval of several months. 

The authors then deal with the scintigraphic semiology of hepatic localizations of amoebiasis; they 
analyse the elementary abnormal images, study their topography, and describe their associations in the case 
of hepatitis and in cases of amoebic abscess. 

They then study the development of these images with time and report a number of cases for which the 
scintigraphic examination was repeated after an interval of several weeks or months. 

Finally, they enunciate the indications for application of the method, which provides essential data 
for the positive diagnosis of amoebic abscess of the liver and for topographical and morphological diagnosis 
(of particular interest surgically), and which makes it possible to observe the progress of the disease and the 
healing of the abscess after medical treatment. 


APPLICATION DE LA METHODE SCINTIGRAPHIQUE A L'EXPLORATION MORPHOLOGIQUE DU FOIE 
AU COURS DE L'AMIBBIASE. La methode scintigraphique est de plus en plus sollicit&e pour l'exploration 
morphologique du foie amibien en raison de la frequence des localisations hepatiques de l'amibiase et des 
difficult&s du diagnostic clinique et paraclinique de l’abces amibien du foie. La methode fourmit dans ce 
domaine des renseignements d'int&eret majeur. 

Les auteurs rapportent la statistique des examens qu’ils ont effectu&s et se proposent de tirer les con- 
clusions de ces examens. 

Ils d&Ecrivent la technique d'’examen envisageant successivement: 
a) Le probleme du choix des produits (rose bengale marqu& avec !?!I et 1%®Au en solution colloidale), en 
soulignant leurs avantages et inconv£nients respectifs; 
b) L’appareillage utilis€ en insistant sur le probleme de la collimation; 


c) Le d&roulement de l'’examen qui comporte une &tude fonctionnelle et la scintigraphie proprement dite 
effectu&de n&cessairement sous plusieurs incidences; 
d) La r&petition de l’examen A plusieurs mois d'intervalle. 


Les auteurs traitent ensuite de la semiologie scintigraphique des localisations hEepatiques de l’amibiase; 
ils analysent les images anormales &l&mentaires; Etudient leur topographie et decrivent les associations de 
ces images dans le cas d’h&patite et dans les cas d'abc&s amibien. 

Ils &tudient l'&volution de ces images dans le ternps, en rapportant un certain nombre de cas pour 
lesquels l'’examen scintigraphique a Et& r&pet& A plusieurs semaines ou plusieurs mois d'intervalle. 
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Enfin, ils degagent les indications de la m&thode qui apporte des renseignements essentiels pour pr&ciser 
le diagnostic positif des abc&s amibiens du foie et pour le diagnostic topographique et morphologique (parti- 
culierement interessant sur le plan chirurgical), et qui permet de suivre l'Evolution de la maladie et d'appre&cier 
la gu&rison des abces apr&s traitement medical. 


IIPUMEHEHHE CUNMHTUTPAPUYECKOTO METOAA ANA MOPSOJOTNMMUECKOTO 
UCCNENOBAHNA TIEYEHN IIPM AMEBMA3E. CunHrurpahnuecknä MeTon HaxXoAuT Bce 6bonee 
lIMPOKOE TIPHMEeHEeHHE IIPH MOPbONOTHYeCKOM HCCNEeNOBAHHN AMeÖHOTO 3aboneBaHuf MeueHH B CBA- 
31H C YaCTOTOÄ MEeyeHOYHbIX NOKanu3auma ame6Ha3a U TPYAHOCTAMH KIIHHUYECKOTO KH NAPaKıIHHH- 
yecKoTO AHAaTHO3a aMme6HorTo abcuecca neyeHu. B naHHoA O6NaCTH MeToA AaeT BO3SMOXHOCTB NO- 
nyyaTb BecbMa UHTepecHble NaHHble. 

IIpPhBoAHTCA CTATUCTHKa NPOBeAeHHbIX ONBITOB, Ipeanara|wTcA COOTBETCTByMLUIMe BbIBONE. 

NsnoxeHnhe MeTona HUCcNeNOBaHuN NaerTca B CneäAymueM mopAnKe: 

IIpo6nema BbI6opa unankaropa (Benransckag posa, MeueHHas HoaoM-131 u30noroM-198 B 
KONNOHAANBHOM PacTBope), TIPH 3TOM YKa3blBAWTCA UX COOTBETCTBYyPINMe NONOXKHTENBHEIE U OT- 


PHUaTenbHLIe KayecTBa. 

Ncnonb3oBaHHag arınaparTypa C yKa3aHheM Ha nPo6neMy KONIHMAaILHH. 

Ilpoyecc o6cnenoBaHHug, KOTOpbIl BKIMUYaeT B Ce6A DYHKUMOHANbHbIe HCcneMoBaHug, U Co6- 
CTBEHHO CUHHTUTPadHR, IPOBOAHMYP B O6A3ATENIBHOM MOPAAKE MON HECKOAIbKHMH YTIaMH. 

IIoBTOpeHHe UCCNEAOBAHHA C UHTEPBANOM B HECKONIbKO MecAUeB. 

Uanaraerca Bonpoc O0 CUKHTUTPahHyecKoÄ CHMNTOMATHKE MOYEUHBIX NOKanH3alunf ame6Hasa; 
aHAaNM3HPYPWTCA I9NEMEHTAPHbIE TIATOAOTHYeCKHEe H306paxeHHg, HecNenyeTca uHX Tunorpabus u 
ONIUCHBAWTCA ACCOUMAUNNH ITUX H306paxeHHÄ B CAyuaaX TuNaTHTa uU ame6HorTo aßbcyecca. 

Usyuaerca 9BONMUHA ITUX H306PpaxeHHÄ BO BPeMeHH H IIPHBOAHTCA B CBA3H C 3TUHM HeCcKONbKO 
cnyuaeB, KOTAa CUHHTHTPahHuecKHe HCcNeAOBAaHHA NOBTOPANHChb C HHTEPBANOM B HeCKoNbKO Helenb 
HIN MecaleB. 

HakoHeu, yKasblBaeTcA MeTOA, KOTOPbIÄ TIOSBONAET NONYYATb CyWECTBEHHbIe NaHHble MIA 


YTOUHEeHHA NOSUTHBHOTO AHATHO3a aMmeÖ6HOTO abcuecca TeyeHH, IPHYeM HX TONOTpabHuecKHuHÄ u 
MOpboNorHyecKHÄ AMaTHO3 NpeAcTaBıaeT Oco6bIÄ HHTePeC B XHPYPTHYecKoM TNaHe. TOT MEeTonN 
TaKxKe NO3BONAET CAEAHTB 3a 9BONMUHeH 60Ne3HN U YCTaHaBıHBaTb NeyeHuHe a6bcleccoB nocne 
o6Wero MEeAHLHHCKOTO NeyeHHun. 


APLICACIÖN DE LA CENTELLEOGRAFIA A LA EXPLORACION MORFOLÖGICA DEL HIGADO EN CASOS 
DE AMIBIASIS. Las amibiasis se localizan con gran frecuencia en el higado y los abscesos que producen son 
diffciles de diagnosticar clinica o paraclinicamente. Por ello, en estos casos, la exploraciön morfolögica 
del higado se efectüa cada vez mäs por centelleograffa, m&todo que permite obtener datos de gran interes, 

Los autores exponen los resultados estadfsticos de los exämenes que han efectuado y las conclusiones 
correspondientes. 

Describen la tEcnica de examen considerando, sucesivamente: 

a) el problema de la elecciön de los productos (Rosa Bengala marcado con 31]; 198Au en soluciön coloidal) 
sefialando sus ventajas e inconvenientes; 

b) los aparatos empleados, insistiendo en el problema de la colimaciön; 

c) el desarrollo del examen, que comprende un examen funcional y la centelleograffa propiamente dicha 
efectuada, necesariamente, desde varias proyecciones; 

d) la repeticiön del examen a intervalos de varios meses. 

A continuaciön, los autores tratan de la semiologfa centelleogräfica de las amibiasis hepäticas, analizan 
las imägenes anormales elementales, examinan su topograffa y describen las asociaciones de esas imägenes 
en el caso de la hepatitis y en el de los abscesos amibianos. 

Estudian la evoluciön temporal de esas imägenes y dan informaciön sobre un cierto nümero de casos en 
que el examen centelleogräfico se repitiö a intervalos de varias semanas o de varios meses. 

Por ültimo, sefialan en que casos estä indicado este m&todo, que facilita datos esenciales para precisar 
el diagnöstico positivo de los abscesos hepäticos amibianos y su diagn6stico topogräfico y morfolögico, parti- 
cularmente interesante desde el punto de vista quirürgico, y que permite seguir la evoluciön de la enfermedad 
y apreciar la curaciön de los abscesos despu6s del tratamiento me&dico. 
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La methode scintigraphique appliqu&e A l'&tude de l!amibiase h&patique 
fournit des renseignements d'un inter&t majeur. Elle est largement sollici- 
tee en raison de la difficult@ du diagnostic clinique et paraclinique de l!abc&s 
amibien d'une part et de la difficulte d'appr&cier la gu&rison d'une amibiase 
h&patique d'autre part. En effet, sur 1190 examens scintigraphiques effec- 
tues dans le Service de radioisotopes de la Fondation Curie, 84 examens ont 
ete effectu&s chez 68 sujets amibiens, certains d'entre eux ayant subi 2 ou 3 
examens successifs. 


Il s'agissait: a) soit d'anciens amibiens pour lesquels &tait effectu& un 
examen de «s&curite» afin de s'assurer de la non &volutivit& de la maladie, 
b) soit d'amibiens pr&sentant des signes cliniques de localisation h&patique 
et pour lesquels on demandait & la scintigraphie une confirmation diagnos- 
tique et c) soit d'amibiens h&patiques aver&s, pour lesquels se posait le 
probleme de la localisation d'un abc£&s ou de la surveillance de l'&volution 
sous traitement. 


Les examens ont &t& effectu&s: a) avec du rose bengale marqu& avec 
de l!iode 131 (25 fois) et b) avec du radio-or 198 en solution colloidale (59 fois). 

L'utilisation du radio-or 198 en solution colloidale offre plusieurs avan- 
tages: elle permet d'obtenir une image h&patique pure depourvue de toute 
superposition digestive et laisse le temps, en raison de la fixation d£&finitive 
de l!or au niveau du tissu r&ticulo-endoth&lial hepatique, de pratiquer le 
balayage des differentes faces. Par ailleurs, la d&croissance est telle 
qu'elle permet la r&p&tition de l!’examen & intervalle de temps suffisamment 
court pour suivre l'&volution sous traitement m&dical d'une h&patite ou d'un 
abces. 


Les examens ont &t& effectu&s en utilisant soit un collimateur cylin- 
drique, soit le plus souvent un collimateur A plusieurs canaux convergents. 
Ce dernier, dont la hauteur est de 10 cm, comporte 31 canaux dont le foyer 
de convergence est situ& ä 7 cm du plan inferieur; il pr@sente l'avantage, 
sur les collimateurs cylindriques, d'une meilleure d£&finition, pour une perte 
relativement faible du rendement en profondeur. Cependant, la limite du 
rendement en profondeur implique la necessit& absolue d'explorer le foie 
selon trois balayages (fig. 1): a) balayage de la face anterieure, b) balayage 
de la face lat&rale droite et c) balayage de la face post&rieure. 

Tous les examens avec le radio-or 198 ont &t&@ soumis A cet imp£ratif. 


Quelques sujets ont &t€ examines A la fois A l!aide d'un scintigramme 
classique par balayage et ä l!aide de la cam&ra & scintillations que nous 
avons decrite. Le tube A entretien d'image qui &quipe l'un des deux oscillos- 
copes cathodiques que nous utilisons pour l'enregistrement des images, per- 
met, par le jeu du seuil de lecture, d'examiner l'image avec une brillance 
variable de facon continue. Cette Manoeuvre, en offrant la possibilit@ de 
choisir et de photographier plusieurs images differemment contrast&es d'un 
me&me enregistrement facilite l'interpretation des images de tonalite des 
scintigraphies classiques (fig.2). 
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Figure 1 


Seintigraphies du m&me sujet, effectudes suivant trois balayages: 
anterieur, lateral droit et posterieur, 
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Figure 2 


Scintigraphie par camera ä scintillations. 


II. DONNEES FONCTIONNELLES 


L'&epuration sanguine du produit utilise a &t& &tudi@ee au cours de ces 
examens, &ä partir de pr&levements de sang effectues A intervalle de temps 
defini, pendant la premiere heure qui a suivi l'injection. 

Pour les 25 examens avec la rose bengale, nous avons retenu le taux de 
retention ä la premiere heure; dans 17 cas, soit 68% des cas, le taux est 
inferieur A 12%, se situant parfois au-dessous de 10%. L'epuration sanguine 
du rose bengale est donc ou normale ou acc&@leree. Dans huit cas, au con- 
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TABLEAU I 


REPARITION DE LA «CLEARANCE» FRACTIONNELLE 
DU RADIO-OR 


ie = —=aı 1 
Valeur de la 
<clearance> < 1% 17% 20% 23% > 25% 
fractionnelle 
Zr EN 
Nombre de sujets 4 10 16 I 6 
| 


traire, elle est retard&e: il s'agit toujours de sujets au long pass® d'ami- 
biase h&patique, trois d'entre eux ayant subi une ou plusieurs interventions 
chirurgicales pour abces h&patique, un quatriöme, examine en laparoscopie 
presentant une hepatite sclero-inflammatoire du lobe gauche. 

Chez 53 sujets, nous avons &tudie la «clearance» fractionnelle du radio- 
or. Le tableau I indique la repartition des «clearances» fractionnelles du 
radio-or pour ces 53 sujets. Celle-ci s'est rev&l&e diminu&e dans 4 cas, 
normale ou legerement superieure & la normale dans 43 cas et nettement 
augment&e dans 6 cas. Lä encore les diminutions se retrouvent chez des 
sujets ayant un long pass&@ d'amibiase hepatique. 

Il ressort de cette &tude que l!'&puration sanguine du rose bengale et du 
radio-or est rarement affect&e au cours de l'amibiase hepatique, celle-ci 
est le plus souvent normale et quelquefois augmentee. Les diminutions s'ob- 
servent apres &volution prolong&e de la maladie ou & titre de sequelles en 
particulier apres intervention chirurgicale. Par contre, encours de pousse&e 
evolutive, on observe volontiers un tendance & l!augmentation de l'’Epura- 
tion, ceci traduisant tres vraisemblablement un &tat inflammatoire. La 
comparaison des cas d'hepatite pure et d'hepatite avec abc£s n'a pas montr& 
de difference significative. 

L'&tude de l'!'@volution des clearances chez les malades ayant subi, plu- 
sieurs examens a reflet& dans l!ensemble l'&volution de la maladie. Le 
nombre de cas est cependant trop restreint pour que cette notion puisse &tre 
generalisee. Le tableau II indique les «clearances»® du radio-or chez 8su- 
jets ayant subi 2 ou 3 examens; dans 6 des cas, les «clearances» primi- 
tivement augment@es diminuent et se normalisent sous traitement m&äcidal. 
Dans un cas, la «clearance» inferieure A la normale lors du premier examen 
subit une diminution apres traitement. 

Enfin dans un cas on assiste A une nette augmentation de la «clearance» 
malgr& une am&lioration spectaculaire des signes cliniques et biologiques. 


III. SEMEIOLOGIE SCINTIGRAPHIQUE 


L'analyse des images scintigraphiques nous a conduits A relever un 
nombre restreint d'images anormales @lementaires que l!on retrouve avec 
une grande frequence et que nous classerons suivant leur topographie. 

Il s'agit tout d'abord de modifications globales du volume et de la forme 
du foie caracterisees par une h&patome&galie et une accentuation de la con- 
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TABLEAU II 


VARIATIONS DE LA «CLEARANCE» FRACTIONNELLE DU 
RADIO-OR CHEZ DES SUJETS AYANT SUBI PLUSIEURS EXAMENS 


ler examen 22me examen geme examen 


ler cas 
22me cas 
3eme cas 
4eme cas 
seme cas 
6eme cas 
Teme cas 
8eme cas 


vexite des bords et de l'!encoche interlobaire. Ces modifications sch&ma- 
tisees sur la figure 3 conftrent A la silhouette höpatique un aspect en«sabot»; 
elles sont illustr&es par la s&rie de scintigraphies de la figure 4. L'accen- 
tuation de l!encoche interlobaire et de la convexit& du bord inf&rieur du lobe 
gauche peut &tre telle que ce dernier tend & s'individualiser et acquiert une 
morphologie quadrangulaire (fig.5). 

Nous avons relev& en second lieu des modifications lobaires qui portent 
essentiellement sur la structure: importante diminution de la densit& du lobe 
droit ou du lobe gauche (fig.6). 

Enfin nous avons rencontre des modifications locales interessant &gale- 
ment la structure de l!image, caracteris@es par des lacunes, des images de 
tonalit@ et des encoches. Ces images, de dimensions variables, pouvant 
atteindre 20 cm de diame£tre, sont gen&ralement mal limit&es et siegent le 
plus souvent au niveau de la face posterieure du lobe droit; des trois balaya- 
ges effectu&s, le balayage lat@ral droit est celui qui pr&cise le mieux la 
morphologie de ces images (fig.”7). 

Le tableau III indique le nombre de ces images anormales &l&@mentaires. 
Aussi, nous avons releve& 41 images du type 1 (modification globale de la 
forme du foie); 5 images du type 2 (modification de la structure d'un lobe) 
et 40 images du type 3 (images de tonalit&, encoches et lacunes). 

Ces modifications &l&mentaires sont isol&ees ou plus frequemment asso- 
ciees. Pour les 54 malades pr&sentant une image anormale la repartition 
de ces images s'&tablit de la facon suivante (tableau IV) a) 15 sujets pre- 
sentant uniquement une image du type 1 (anomalie globale de la morphologie 
du foie), b) 8 sujets pr&sentant uniquement une image du type 3 (anomalie 
locale) et c) 31 sujets prösentant plusieurs de ces anomalies associ&@es. 

La restitution ad integrum sous traitement m@dical m&me pour des 
images lacunaires volumineuses peut @tre obtenue en un temps relativement 
court. Les figures 8 et 9 illustrent le cas d'un malade qui presentait des 
ant&öcedents de dysenterie amibienne, des signes cliniques d'hepatite et pour 
lequel une premiere scintigraphie a montr& une tres volumineuse lacune 
supero-externe du lobe droit; ce malade a &tE traite par «emetine et anti- 
biotiques» pendant quelques mois au terme desquels la guerison clinique 
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Figure 3 


Deformation globale de l’image h£patique, 


s'accompagnait d'une scintigraphie normale. Malheureusement, ilnn'en est 
pas toujours ainsi: la figure 10 montre la persistance d'images lacunaires 
chez des sujets qui apres traitement m£&dical &taient en &tat de gu&rison cli- 
nique apparente; dans ce cas l!’examen scintigraphique rev&t un inter&t ma- 
jeur: il conduit & poursuivre le traitement m&dical ou oriente vers un acte 
chirurgical. 
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Figure 4 


Illustration scintigraphique de la deformation globale du foie 
chez differents sujets. 
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Figure 5 


Individualisation du lobe gauche, 


TABLEAU II 


IMAGES ANORMALES ELEMENTAIRES 


Note: 
Type 1 : accentuation de la convexit& des bords et de l’encoche interlobaire, 
Type 2 : modifications lobaires: diminution de densit& d'un lobe. 
Type 3 : modifications locales: images de tonalite, lacunes, encoches. 


V. CONCLUSION 


L'aide apportes par la scintigraphie dans l'amibiase h&patique est con- 
siderable. Elle contribue A &tayer le diagnostic d'atteinte hepatique au 
cours de l!amibiase en montrant des d&@formations globales de la silhouette 
hepatique quasi caracteristiques; elle permet la distinction entre h£&patite 
et abces dans des cas ou la clinique est hesitante. Elle est indispensable 
a la surveillance de l'@volution de la maladie sous traitement m&dical car 
il y a souvent divergence entre l'@volution clinique et scintigraphique, l'in- 
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Figure 6 


Diminution de densit& localisee au lobe gauche, 


TABLEAU IV 


REPARTITION DES IMAGES ANORMALES ELEMENTAIRES 
POUR 54 SUJETS PRESENTANT UNE IMAGE ANORMALE 


Type 1 isole 


Type 2 isole 


Type 3 isol& 


Association de plusieurs types 


tegrite de l'!image scintigraphique permettant seule d'affirmer la gu@rison. 
Pour apporter tous ses fruits, la scintigraphie doit se plier A un certain 
nombre d'exigences: utilisation du radio-or 198 et balayage de trois plans 
ce dernier imp£&ratif conditionne la dur&e de l!examen qui est 


successifs: 
l'utilisation de la cam&ra A scintillations semble devoir 


de l!ordre de 3h; 
nous libörer partiellement de cet inconvenient en permettant l!exploration 


rapide sous plusieurs incidences des zones suspectes reper&es sur la scin- 
tigraphie effectu&e par balayage anterieur. 
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Figure 7 


Scintigraphies de profil montrant la localisation posterieure 
des images lacunaires, 


Bien entendu ces modifications morphologiques consider&es isolement 
ne sont pas pathognomoniques de l!'amibiase hepatique, mais leur association 
jointe aux modifications de la «clearance» chez des sujets suspects consti- 


tuent un faisceau d'arguments en faveur de la localisation hepatique de 
l'amibiase. 


IV. INDICATIONS ET RESULTATS 


Ces examens ont &t& effectues soit dans un but diagnostique, soit dans 
le but de surveiller l!'@volution de la maladie sous traitement. 

Quatorze des 68 malades examines pr@sentaient une image scintigra- 
phique normale lors d'un premier examen; pour six d'entre eux l'existence 
d'ant&c&dents de dysenterie amibienne et d'un syndrome douloureux de l'hy- 
pocondre droit motivaient l!examen dont les re@sultats ont permis d'@liminer 
une localisation hepatique. Les 8 autres, pr&sentaient des ant&c&dents d'h&- 
patite amibienne et avaient recu un traitement medical intensif; le probleme 
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Figure 8 


Scintigraphies de profil du m&me malade avant et apres traitement me&dical 
montrant la restitution ad integrum ä un an et demi d’intervalle. 


etait chez eux d'appr&cier les sequelles de la maladie ou de rechercher un 
abcees residuel; la scintigraphie a conclu & l'integrit@ de l!image hepatique. 


Cinquante quatre malades presentaient une image anormale lors d'un 
premier examen. Ces malades &taient: a) soit d'anciens amibiens chez 
lesquels on recherchait une localisation hepatique, hepatite ou abce&s et pour 
ce groupe qui comprend 23 malades 14 ont une scintigraphie caracteristique 
d'une h£&patite tandis que 9 ont une scintigraphie affect&e par une image la- 
cunaire; b) soit des malades dont la localisation hepatique &tait connue et 
chez lesquels on recherchait un abc&s; pour ce groupe de 31 malades dans 
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Figure 9 


Scintigraphies de profil du m&me malade avant et apr&s traitement medical 
montrant la restitution ad integrum A un an et demi d'intervalle. 


25 cas la scintigraphie a objective un abces tandis que dans 6 elle montrait 
seulement une image d'h£patite. 

Ces donn&es mettent en valeur l'inter&t diagnostique de la m&thode qui 
a permis d'affirmer soit l'!integrit@ du parenchyme h£&patique, soit une he- 
patite, soit un abces. 

Un certain nombre d'examens ont &te effectu&s apres traitement chirur- 
gical d'un abces; l'integrit®@ scintigraphique constituant un critere de gu£ri- 
son. Mais dans la majorite des cas, les examens re&p&t&s l'ont &t&@ chez 


des sujets soumis A un traitement me&dical et dans le but de suivre l'@volution 
d'un abcees. Ainsi 13 malades ont subi 2 ou 3 examens successifs. Dans 6 


cas on a pu observer le retour A la normale de l!image scintigraphique dans 
2 cas une legere r@gression des anomalies scintigraphiques et 3 fois la per- 
sistance d'images lacunaires. 
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THE VALUE OF LIVER SCANNING 
IN THE DIAGNOSIS OF ECHINOCOCCUS 
DISEASE OF THE LIVER 


T. DOXIADES, P. GATSOU, D. IKKOS, G. MERIKAS AND A. NASTOU 
EVANGELISMOS HOSPITAL, ATHENS, GREECE 


Abstract — Resume — Annotaunsı — Resumen 


THE VALUE OF LIVER SCANNING IN THE DIAGNOSIS OF ECHINOCOCCUS DISEASE OF THE LIVER. 
Echinococcus disease of the liver is quite common in Greece. During the past year, liver scanning was carried 
out in 40 patients with proven hydatid cysts of the liver. 

These cysts appear as defects in the scan. Therefore, it is impossible to attribute with absolute certainty a 
liver-scan defect to a hydatid cyst, without the help of clinical and/or laboratory data. However, in the 
scans signs exist which help to decide whether a defect is probably due to a cyst or not. 

Our experience shows that liver scanning is a most valuable method in the diagnosis of Echinococcus 
disease of the liver for the following reasons: 

(1)  Itshows the presence or absence of a clinically important cyst; 

(2) It defines satisfactorily the number, size and localization of cysts of clinically important size; and 
(3) Itisthe only available method by which it can be decided whether an elevation of the right hemidia- 
phragmisdueto an Echinococcus cyst or a normal variation in the shape and/or location of the liver. 


RÖLE DE LA GAMMAGRAPHIE DANS LE DIAGNOSTIC DE L'ECHINOCOCCOSE DU FOIE. L'&chinococcose 
du foie est une affection assez r&pandue en Gr&ce. Au cours de l"annee Ecoul&e, on a proc&de& A des gamma- 
graphies du foie sur 40 sujets chez qui on avait constat@ des kystes hydatiques du foie. 

Ces kystes apparaissent comme des irr&gularit&s sur le scintigramme. En cons&quence, il est impossible 
d'attribuer avec certitude une irr&gularit€ A un kyste hydatique, A moins de pouvoir disposer en m&me temps 
de certaines autres donn&es cliniques ou de laboratoire. N&anmoins, le scintigramme comporte certains indices 
qui permettent de d&terminer si une irr@gularit& est vraisemblablement due a un kyste. 

Il ressort de l’exp&rience des auteurs que la gammagraphie du foie est une m&thode des plus pr&cieuses 
pour le diagnostic de l'&chinococcose: 

1. Elle indique la pr&sence ou l'absence d'un kyste cliniquement important; 

2. Elle definit de fagon satisfaisante le nombre, la dimension et la localisation de kystes cliniquement 
importants; 

3. Elle constitue la seule me&thode permettant de determiner si une ElEvation du cötE droit du diaphragme 
est due A un kyste hydatique ou A une modification normale de la forme ou de la position du foie. 


3HAYEHUE CKEHHUPOBAHNYA TIEYEHH IIPNM IMATHOCTUKE 9XNHHOKOKKO3SA IIE- 
UEHN. YxHHoKOKKO3 AOBONBHO pacrıpocrpaHeH B I peunn. B npounoM Tony 6bI1No NPoBeNeHo CKEeH- 
HHPOBaHHue neueHn y 40 60NBHBIX C YCTaHOBNEHHBIMNH 9XMUHOKOKKOBBIMMH UHCTAMH TIeUeHH. 

Ha CKeHHOTPaMmMe UMCTbI IPOABNAWTCA Kak NebeKTtbi, [loaroMmy nedeKT Ha CKeHHOTPaMmMe 
NeyeHH HeNB3A C a6CONWTHOH YBePeHHOCTBE OTHECTH 3a CYeT 9XHHOKOKKOBOH IIMCTbI 6e3 Ha1MyuA 
APyTuX KIUHnyecKuX u/unn na6opaTopHbIX MaHHbIX. ONHaKo Ha CKeHHOTPaMMAaX UMEMTCA IIPH3HA- 
KH, KOTOPble IOMOTAPT pelIiuTtb, OÖBACHAeTCcH IM NebeKT HanuumeM UMCTBI HIN HET. 

OnsIT aBTOPOB NOKAa3bIBaeT, UTO CKeHHNPOBAaHHe TIeyeHNM ABNIAETCA CAMbIM UCHHbBIM METONAOM 
BMAaTHOCTUKH 9XUMHOKOKKO3A MEYEHH NO CNeAyPIIMM TIPMUHHaM! 

1) OHo moKasbIBaeT HayuuHe HM OTCYTCTBHE KIIMHNYeCKH BAXHBIX IIHCT, 

2) onpenenaert C YyROBNETBOPHTENBHOÄ CTeNEHbE® TOUHOCTH KONUYECTBO, Pa3MEp HM NOKAayım- 

3aum® UMCT, UMeWLUNMX KJIIHHMYeCKAH Ba%XHbIe pa3Mepbl, 

3) CKeHHHPOBaHHe —eAHHCTBEHHLbIÄ METOA, NO3BONAMUMÄ OTIPeNenuTb, OÖBACHAETCA IM NOAB- 

eM npaBoro Kynona AuahbparMbl 9XMHOKOKKOBLIM TIy3bIpeM HAM HOPMA/IbBHbBIM BAPHAHTOM 
bopMmsı u/unn noKannsaunn nmeueHn. 
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IMPORTANCIA DE LA EXPLORACIÖN GAMMAGRÄFICA EN EL DIAGNÖSTICO DE LA EQUINOCOCOSIS 
DEL HIGADO. La equinococosis del higado es muy comün en Grecia. Durante el pasado afio los autores 
exploraron el higado de 40 pacientes afectados por quistes hidatidicos. 

Esos quistes aparecen como defectos en el gammagrama, pero no es posible atribuir con toda seguridad 
a un quiste hidatidico uno de estos defectos sin ayuda de otros datos clinicos o de laboratorio. No obstante, 
ciertos indicios en el gammagrama del higado permiten decidir con cierta probabilidad si un defecto se debe 
ono se debe a la presencia de un quiste, 

Los experimentos efectuados por los autores demuestran que la exploraciön hepätica es un me&todo muy 
valioso para el diagnöstico de la equinococosis del higado por las siguientes razones: 
1% Revela la presencia o la ausencia de quistes importantes desde el punto de vista clinico. 
2. Indica satisfactoriamente el nümero, el tamafio y la localizaciön de los quistes de dimensiones clinica- 


mente importantes, 
3. Es el ünico me&todo que permite decidir si una elevaciön del hemidiafragma derecho se debe a un 
quiste hidatfdico o a una variaciön normal de la forma o de la situaciön del higado. 


INTRODUCTION 


The diagnosis of echinococcus cyst of the liver can be considered as 
certain when: (1) a round, smooth mass is found by palpation or seen on 
X-ray films and (2) laboratory examinations show an increased number of 
eosinophils in the peripheral blood, a positive Casoni skin test and/or a 
positive Weinberg serological test. Centrally located cysts can neither be 
palpated nor seen by X-ray examination except if the cysts are calcified; 
a non-characteristic hepatomegaly is the only clinical finding in these cases. 
Splenoportography has been used successfully for the demonstration and/or 
localization of centrally located cysts. This method has not, however, been 
used very extensively because of its technical problems and its potential 
dangers. Some authors have used cholangiography in the diagnosis of 
echinococcus cysts of the liver, but this technique is seldom used for this 
purpose in Greece. 

Positive laboratory tests for echinococcus are of no value in the diag- 
nosis of liver cysts in cases showing cysts in other organs, e.g. the lungs. 
Positive laboratory tests may finally be found in cases with very small 
echinococcus cysts of the liver, i.e. in cases in which the cysts are so small 
that they cannot cause any symptoms to the patient. 

But even when the clinical and/or laboratory findings demonstrate the 
presence of echinococcus cysts in the liver, the information available to 
the surgeon in planning his operation is usually not complete. The clinical 
and usual X-ray examination quite frequently do not permit an accurate 
knowledge of the number, size and location of clinically important cysts. 

The visualization of echinococcus cysts of the liver in liver scans has 
been reported by different authors [1-8]. ADAMS and his co-workers [5-6] 
studied the diagnostic value of liver scanning in echinococciasis of the liver 
in a limited number of patients. Their conclusion was that the method was 
of significant value. 

The aim of the present work was to examine critically the diagnostic 
value of liver scanning in echinococcus disease of the liver and for this pur- 
pose a comparison of the scan findings and the operative ones was under- 
taken. This work was considered of possible value since no similar data 
could be found in the literature. 
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MATERIAL AND METHODS 
A. Material 


The material of the present study comprises 104 patients, sent to the 
laboratory for liver scanning because of suspected echinococcus cysts of 
the liver. These 104 cases represent approximately 20% of the total number 
(516) of patients sent for liver scanning during the period July 1962 to 
January 1964 inclusive. Symptoms from the right hypochondrium (66 cases) 
or the epigastrium (6 cases) were the main complaints in these 104 cases. 
Eosinophilia was the presenting symptom in 4 cases. Nine of the patients 
were sent for examination because of the presence of hydatid cysts in the 
lung. Enlargement of the liver was the main cause for the liver scanning 
inthe remaining 21 cases. The sex of the patients was male in 59 cases 
and female in 45 cases. Their age varied between 17 and 75 yr, with amean 
age of 46 yr. 


B. Methods 


Liver scanning was performed by the usual technique [2, 9, 10] using 
Il3l1-]abelled Rose Bengal“ and a commercial apparatus* *, 

Thyroid uptake of Il31 was blocked by administration of Lugol's solution 
for the 2-3 d preceeding the test; when iodine-containing material had been 
used previously (as for example for cholecystography), Lugol administration 
was omitted. Rose Bengal I131l was given intravenously in a dose of usually 
130-140 uc. Scanning of the liver was performed with the patient in the 
supine position and the detector above the patient, except on rare occasions 
when lateral and/or posterior scans were obtained. Two liver scans were 
performed in nearly all cases: the first one was started 10-15 min after 
the administration of the Rose Bengal and the second one immediately after 
completion of the first. The collimator-to-skin distance was 4 cm for the 
first scan and less than 1 cm for the second scan. Since the collimator used 
(Picker 19-hole) has a focusing distance of 7 cm, the first scan concerned 
principally the anterior and the second one the deeper-seated parts of the 
liver. The whole examination lasted for approximately 90 min. The usual 
setting of the Magnascanner was: scanning speed 50 cm/min; EPM 80-100%; 
density 12, HV 700, when a Kodak royal blue medical X-ray film was used. 

A reading of the obtained photoscans was performed after contrast en- 
hancement by photo-copying, accordingtoapreviously described technique (11. 

Planimetry was done using commercial equipment. The statistical 
methods used were the standard ones. 


RESULTS 


The results of the present study are summarized in Table I. The 
scanning findings were reported as negative in 45 cases and as positive in 


*  Commercially prepared by the Radiochemical Centre, England, or Phillips-Duphar, Holland. 
** Magnascanner, manufactured by Picker Inc. , USA. 
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TABLE I 


RESULTS OF LIVER SCANNING FOR HYDATID CYSTS 
IN 104 CASES 


Type of scan 


Total number of liver scans 


Scans on subjects with suspected 
diagnosis of hydatid cysts of the liver 


Negative findings 
Positive findings 
Positive findings due to 

Post-operative scars in 
Metastatic cancer in 
"Idiopathic" liver cyst in 
Most probably hydatid cysts in 

Operated 


Not operated as yet 


the remaining 59 cases. It should be mentioned that, as here defined, posi- 
tive scans were considered those in which single or multiple defects could 
be seen, the defects showing circular limits when located centrally or toxoid 
limits when found peripherally. All other scans were considered as negative 
for the present study, disregarding eventual presence of other findings, such 
as hepatomegaly, irregular fixation of Rose Bengal, etc. 

Two of the cases with positive scans had been previously operated be- 
cause of hydatid cyst of the liver and both showed a circular defect, located 
near the operative scar. The scan findings did not permit a decision as to 
whether the observed defects were due to post-operative scars of the liver 
or new cysts. Both patients were explored surgically and none of them had 
any new liver cysts. 

In five other cases the scanning findings were considered as probably 
due to a malignant disease rather than echinococcus cysts. Explorative 
laparotomy and/or post-mortem examination verified the diagnosis of ma- 
lignancy in all five cases. 

One patient (Case No.51) showed a huge, semicircular defect with smooth 
margins. The diagnosis of a very large echinococcus cyst was, therefore, 
considered as very probable. Exploratory laparotomy showed indeed the 
presence of a huge cyst. This cyst was not, however, due to echinococcus 
and its nature remained obscure. 

In the remaining 51 patients the clinical and laboratory examinations 
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NUMBER OF CASES 
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Flg.1 


Size of scan defects in hydatid cysts of the liver 


as well as the scanning findings were in accordance with the diagnosis of 
echinococcus cysts of the liver. The number of the defects seen on the scan 
was: one in 37(74%) cases, two in 9(18%) cases and three or more in 4 (8%) 
cases. 

The size of the defects was approximated by measuring their surface 
in the scan by planimetry. The results of these measurements are shown 
in Fig.1. As can be seen the size of the defect was quite small in ap- 
proximately half of them; their surface varied between 10-30 cm? in 43% 
of the defects. In a second group, comprising 38% of the defects, the size 
varied between 30-80 cm?, The remaining 11 defects had sizes up to 
260 cm2. ö 
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Fig. 2 


Liver size in hydatid cysts of the liver 


Figure 2 shows the surface area of the "healthy liver"', i.e. the liver 
not occupied by the cyst, as well as the surface area of the total organ (in- 
cludes the areas of both the healthy liver and the defect). For a comparison, 
the surface area of the liver of a group of normal persons is shown in the 
same figure. Itis quite obvious that the size of the total area and the 
''healthy'' area varied tremendously from case to case. Despite that, the 
more common value for the total area was 270 cm?, i.e. a value 70% larger 
than that of the normal sized liver (160 cm?). 

The correlation between the size of the '"'healthy' liver and the whole 
liver is shown in Fig.3. The high degree of correlation (r=0.83, P< 0.001) 
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Correlation between ıhe "healthy" and total liver surface in Iıydatid cysts of ılıe liver 


("healthy” surface stands for the part ofthe liver surface not occupied by the scan defect). 


could be expected since the first value, i.e. the one for the healthy liver, 
is included in the second one. Despite this high significant correlation, the 
deviation oftheindividual values from the regression line is quite pronounced. 
This finding can be interpreted as showing that the increase of the liver size 
does not always follow closely the increase of the size of the cyst. 

Up to January 1964 an operation had been performed in 34 of the 5l cases 
considered as positive for the presence of hydatid cysts in the liver. In 22 
(67%) of these 34 cases the agreements between the scan and operative find- 
ings as to the number of cysts was excellent. In the remaining 12 cases 
the number of cysts proven at operation was apparently or really different 
from the one predicted on the basis of the scan (Table II). In one patient, 
in whom the scan had been considered as negative, the operation showed 
the presence of a small cyst in the middle of the upper border of the liver. 
Re-evaluation of the scan (see Fig.4B) showed that the impression due to 
the heart was in this case more pronounced than usual. This change corre- 
sponds exactly to what could be expected on the basis of the operative 
findings. In this case a truly positive scan had been misinterpreted as nega- 
tive. In one other patient (Case No.85) two cysts were found at operation 
while only one cyst was visible on the scan (see Fig.7D). In another case 
(No.103, Fig.5A) no cyst was found although the liver scan showed a well- 
defined defect in the lower border. In the remaining 9 of the 34 operated 
cases a single cyst was found by operation although two or more defects 
were visible in the scan (Figs.6, 7A-C andE-F). 


DISCUSSION 


The present work concerns only echinococcus disease of the liver caused 
by echinococcus unilocularis, since the other type of parasite — echinococcus 
multi-locularis - is unknown in Greece [12]. 

The visualization of echinococcus cysts of the liver in liver scans is 
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TABLE II 


A COMPARISON OF THE RESULT OF LIVER SCANNING 
AND OPERATION AS REGARDS THE NUMBER OF HYDATID CYSTS 


Er Number of hydatid cysts of the liver found by 


No. 
Liver scanning Operation 


72 One, eventually ore more One 
73 One 
74 One 
75 One 
76 Many One 
77 Eventually two (post-operative scars) One 
78 One 
79 One 
80 One 
81 One, ruptured to the lung 
82 One 
83 One 
84 One 
85 Two 
86 One 
87 One 
88 One 
89 One, eventually two more One 
90 One One 
91 One 
92 Many One 
93 Two 
94 One 
95 One 
96 One 
97 Two 
98 Two 
99 One 
100 Two 
101 Two 
102 One huge 
103 One 
104 None 


due to the fact that the substances usually employed in liver scanning do not 
penetrate into the cyst fluid. Therefore, a defect is found in the scan at 
the place corresponding to the cyst. 

There is general agreement that liver tumourous masses smaller than 
2-3 cm iin diam. cannot be detected by the presently available liver scanning 
techniques, and especially the one used by us. The fact that the smallest 
defect detected by us in the present study had an area of 10 cm?,i.e. anarea 
corresponding to a mass approximately 4 cm in diam., is in complete agree- 
ment with the above statement. The possibility exists, therefore, that 
echinococcus cysts smaller than 4 cm in diam. might have been missed in 
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Fig.4 


Types of scan defects caused by hydatid cysts of the liver 


ss 
Ü Case No, 45) 


Fig. 5 


Liver scans in a case of false positive result (A), false negative result (B) 
and two negative cases, explored surgically (C and D) 
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Fig. 6 


Liver scans in solitary hydatid cysts of the liver 
in cases previously operated for echinococcus of the liver 


the cases examined by us. This size limitation seems, however, to be of 
no importance in clinical work, since echinococcus cysts must attain, in 
practically all cases, a diameter larger than 4 cm before they can cause 
any symptoms. One might, therefore, accept as true the idea that clinically 
important cysts are potentially detectable by the presently available liver 
scanning techniques. 

Since the cysts are of spheroid shape, the typical defect caused by these 
cysts is cyclical or toxoid, according to whether the cyst is centrally or 
peripherally located. Furthermore, the boundary between the defect and 
the remaining liver picture is usually smooth (Fig.4). None of these charac- 
teristics is, however, pathognomonic of echinococcus cysts. Defects with 
similar characters can be due to other causes, such as abscesses, malignant 
tumours, cysts of other etiology and so on. Rupture of the echinococcus 
cyst or suppuration might, on the other hand, change the typical appearance 
of the defect caused by the echinococcus cyst (see, for example Fig.7E). 
Echinococcus cysts are usually found in the right lobe (70% in the present 
material) but they might be located anywhere in the liver. Finally, liver 


398 T. DOXIADES et al. 


Fig. 7 


Liver scans in hydatid cysts of the liver in cases in which there was a discrepancy between the 
scanning and operation findings with respect to the number of cysts 


cysts due to echinococcus are usually single (74% in the present study) but 
two or more cysts are found in a considerable’number of cases 5, N. 
Therefore, the diagnosis of echinococcus cysts of the liver cannot be done 
only on the basis of the scan. 

CAROLI and BONNEVILLE [7] stressed the importance of the presence 
of a compensatory liver hypertrophy in the diagnosis of echinococcus liver 
disease. Our data do not, however, totally support this opinion. It should 
be mentioned here that our measurements are only approximations since 
a given increase in the area of the thin left lobe represents a much smaller 
increase in liver size than a corresponding change in the thicker right lobe. 
Despite this reservation we think, however, that the measurements done 
were good approximations of the true changes. 

The overall accuracy of liver scanning as regards the presence or not 
of clinically important cysts seems to be very satisfactory. Of the 104cases 
examined by us there was only one case where the cyst was missed in the 
scan although the operation proved later that a cyst was present (Case of 
Fig.5B). It might be argued that a negative scanning report might have 
influenced the final diagnosis so that patients with a liver cyst might not 
have been sent for operation. The follow-up period is as yet too short to 
exclude such a possibility. It can only be mentioned that until now no other 
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patients in whom the liver scanning was reported as negative for cysts was 
shown later to harbour such a cyst in the liver. It should also be mentioned 
that two of the patients with a negative liver scan were operated upon and 
that no cyst was found in them (Cases of Fig.5C-D). If only the 34 operated 
cases are taken into account, then the false negative results (1 out of 34, 
or 3%) seem to be very small. The same applies as regards the false posi- 
tive results as well: a cyst could not be found in only one out of the 
34 patients operated upon (Case of Fig.5A). So the overall diagnostic ac- 
curacy of liver scanning forthe presence of clinically important echinococcus 
cysts — 94% —- seems to be extremely high. 

The accuracy of the method under discussion as regards the number of 
cysts seems at first to be decidedly lower, since the number of cysts was 
correctly predicted in only 24 of the 34 patients or 70% (see Table II). In 
4 of the remaining 10 cases the cause of this discrepancy might have b*en 
the fact that these patients had been previously operated for liver cysts. It 
is understandable that some of the defects seen in the liver scans of these 
cases (Fig.6 A-D) might have been caused by post-operative scars or other 
changes in the liver. Support of this view is provided from the observation 
that defects in the left lobe of the liver have been observed in a number of 
patients previously operated upon for peptic ulcer [14]. 

A certain explanation for the discrepancy in three of the ten cases is 
not possible. Examination of their liver scans (see Fig.7A-C) shows defi- 
nitely the presence of more than one defect. None of these patients had been 
previously operated on the abdomen. The finding of only one cyst at 
operation might eventually be due to the fact that one of the cysts might have 
escaped detection during surgery. The possibility of such an event is amply 
attested from the relatively large number of patients operated upon for a 
second cyst a few years after a first cyst had been removed [13]. 

Case No.85 was proven surgically to have two cysts while onlyone defect 
could be seen in the scan (Fig.7D). No explanation for this discrepancy 
can be provided, since the operation report is not very detailed as regards 
the size and the location of the two cysts. The scan of Case 81 (Fig.7E) 
was interpreted as showing two defects, one at the upper half and the other 
at the lower half of the right border of the liver. At operation only a large 
cyst, located posteriorly, could be found. This cyst had been spontaneously 
ruptured to the lungs and it is possible that the scan picture was the result 
of the change of the shape of the cyst consequent to the rupture. The dis- 
crepancy in the last case (Case No.99) was proven to be the result of a tech- 
nical error. The liver scan showed a large defect occupying most of the 
right lobe [Fig.7 F]. Furthermore, the palpable lower limits of the liver 
were marked significantly lower than the limits found on scanning. There- 
fore the presence of two cysts was reported. At operation the liver was 
hardly enlarged below the costal margin. The second cyst supposedly occu- 
pying the lower half on the right lobe did not exist. Its spurious appearance 
on the scan was, thus, the result of an erroneous placement of the palpatory 
limits of the liver too low. Thus, the accuracy of the liver scanning as re- 
gards the number of cysts is probably higher than 70%. 

The aforementioned excellent diagnostic accuracy of liver scanning as 
regards the presence or not of clinically important echinococcus cysts and 
its satisfactory accuracy as regards the definition of the number, size and 
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location of the cysts seem to justify the opinion that, when available, liver 
scanning is very helpful in the diagnosis and treatment of echinococcus cysts 
of the liver. The method is especially helpful in deciding whether a 
roentgenologically seen elevation of the right hemidiaphragm is due to an 
hydatid cyst or not. 
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Abstract — Resum& — AunoTauns — Resumen 


SCANNING STUDY OF 700 LIVERS (Evaluation of the existing diagnostic procedures). The livers of 
700 patients have been examined. Clinical studies, laboratory tests, roentgenographic examinations and 
liver-scanning studies were performed. The patients were followed up and finally an objective diagnostic 
confirmation was obtained in most cases. In this way an evaluation of the performed tests was established. 
The liver scanning was done using Au!®, Il3!-Rose Bengal and I?! PVP, Apart from the classical AP technique, 
special techniques were utilized, such as tri- or bi-plane stereoscanning and combined isotope studies with 
Au!®® and I3l-Rose Bengal leading to a determination of the RLC (radioisotope liver coefficients), The patients 
were divided into eight clinical groups and the diagnostic data were accordingly compiled and evaluated. 
A summary of the results of this study is presented. 

Each clinical group was separately analysed. For example, a space-occupying lesion was detected 
in 95% of the 65 cases of Echinococcus disease. X-ray examination detected calcifications in only 35% of 
these cases, but also in 14% of other liver diseases. Weinberg and Casoni reactions were positive in 64% of 
the cases of Echinococcus, but also in 22% of other diseases. In hepatic malignancy, a space-occupying 
lesion was detected in 44% of cases, a foggy scan in 30% and morphological changes in 29%. In two of the 
158 tumour cases the scan falsely appeared to be normal, but in 40% of the same cases the laboratory results 
were negative. 

By using the bi- and tri-plane stereoscanning technique, new and supplementary information on the 
state of the liver was obtained in 45% of cases. 

Liver scanning was also used in the follow-up study. It was found that: 

(1) After Echinococcotomy, a definite scar persists as a space-occupying lesion; 

(2) Three months after a treated amoebic abscess, complete regeneration occurs; 

(3) After a porto-caval shunt, the liver scan becomes smaller and the spleen larger - even when the general 
condition is satisfactory; 

(4)  Cytostatic agents may be temporarily effective in some diffuse hepatic lesions; 

(5) A rescanned suspected lesion may reappear as a space-occupying lesion or disappear. Thus the time of 
scanning may affect the diagnosis. 

Conclusions: (1) Liver scanning can be considered as a very useful method for clinical, morphological 
and topographical diagnosis in hepatopathology; and (2) Theresultsmay be improved by (a) advanced instrumen- 
tation and the use of stereoscanning techniques and (b) good collaboration between the internists and surgeons. 


ETUDE SCINTIGRAPHIQUE DE 700 FOIES (Evaluation des proc&dures actuelles de diagnostic). On a 
examine les foies de 700 malades (&tude clinique, analyses en laboratoire, examens radiographiques, ex- 
plorations scintigraphiques). Onacontinu&d «suivre> lesmaladesapr&s ces examens; on a pu avoir la con- 
firmation objective du diagnostic dans la plupart des cas et Evaluer les r&sultats de la campagne. Pour la 
scintigraphie du foie, on a utilise l'or-198, le rose bengale marque& avec 131] et le polyvinylpyrrolidone Egale- 
ment marqu& avec !31[, On a appliqu&, non seulement la methode classique, mais aussi des methodes parti- 
culi®res comme l'exploration ster&ographique dans deux plans ou trois plans et l!emploi combine de 1'or- 198 
et du rose bengale marqu& A l'iode-131 pour determiner les coefficients relatifs de fixation de ces radio- 
isotopes dans le foie. Les sujets avaient &t& rEpartis en huit groupes cliniques aux fins de compilation et 
d'&valuation des r&sultats du diagnostic, qui sont pr&sent&s succinctement dans le mermoire. 

Chaque groupe clinique a &t€ analyse separ&ment. Par exemple, on a detect€ une l&sion en volume 
dans 95% des 65 cas d'&chinococcose. La radiographie a permis de constater des calcifications dans 35% 
seulement de ces cas, mais aussi dans 14% des autres cas de maladies h&patiques. Les r&actions de Weinberg 
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et Casoni ont &t& positives dans 64% des cas d'&chinococcose, mais aussi dans 22% des autres cas. En ce qui 
concerne le cancer du foie, on a detect& une l&sion en volume dans 44% des cas, on a obtenu un scintigramme 
voil& dans 30% des cas et on a constat& des modifications morphologiques de l'organe dans 29% decas. Dans 
deux des 158 cas de tumeurs malignes, le scintigramrne semblait faussement normal, mais dans 40% de ces 
me&mes cas les r&sultats obtenus au laboratoire &taient n&gatifs. 

Par la technique d’exploration ster&ographique dans deux ou trois plans, on a obtenu dans 45% des cas 
des renseignements nouveaux ou compl&mentaires sur l’Etat de l'organe. 

On a €galement utilis la scintigraphie pour le contröle ulterieur des rEsultats. On a fait les constations 


suivantes: 

le Apres extirpation du kyste hydatique, une cicatrice caract&ris&e persiste sous forme de lEsion en volume; 
2. Trois mois apres le traitement d'un abc&s amibien, une r&g&n&ration complete intervient; 

3. Apres une d&rivation porto-cavale, le scintigramme du foie devient plus petit et celui de la rate plus 


grand - m&me lorsque l'&tat gen£ral est satisfaisant; 

4, Les agents cytostatiques peuvent &tre mommentanement efficaces pour certaines l&sions hEepatiques diffuses; 
5. Il arrive qu'une l&sion dont on n'avait pu affirmer la pr&sence avec certitude devienne macroscopique 
ou qu'elle cesse totalement d’ötre visible; par cons&quent, le moment de l'exploration peut affecter le 
diagnostic. 

L'auteur tire les conclusions suivantes: 

1. On peut consid&rer la scintigraphie comme une methode tr&s utile pour le diagnostic clinique, morpho- 
logique et topographique en h&patopathologie. 2. On peut ame&liorer les rEsultats: a) en utilisant des appareils 
perfectionnes ou en ayant recours aux techniques d’exploration ster&ographiques; b) par une bonne collaboration 
entre le clinicien et le chirurgien, 


UCCHENOBAHNE TIIEUMEHN 700 BONBHbIX C IOMOUbBKR CKEHHMPOBAHNA. (OuenHka 


CyWECTByMWUIMX NMHATHOCTNYeCKUX MeTonoB). [lpoBoAunnch KINHNYECKHe HCCNeNOBAaHHA, 1a60- 

paTopHble aHanu3bI, PeEHTTeHOTPabHuecKoe OÖCNeAOBAaHHe MH CKeHHHPOBaHHe neyeHn 700 60NBHBIX. 

3a 60NBHBIMM 6LI1O YCTAHOBNMEHO Ha6bnmAäeHHe, MH B ÖONBLIMHCTBE CNy4UaeB B KOHEYHOM HTore Au- 
arHo3 moATBepaunca. TakuMm 06pasoMm ÖtIna AaHa OleHKa NPOBeAeHHBIM HCCNeNOBAHHAM. CKeH- 

HUPOBaHHe TIeYeHH NPOHSBOANUNOCB C TIOMOLIBE ÖeHTanbCKON PO3bIl U NONMBHHHNNHPONNAOHAa, Me- 

YEHHbIX 30NOTOM-198 u Honom-131. Ilommumo Knaccnueckoro AP-MeTona Ana ompeneneHnn pa- 

AHONMSOTONHBIX KOSB BHUMEHTOB TIEYEHH NPHMEHANNCB CNEeUMAaNbHbIe MeTOANbI, TAKMHE KaK Tpex UAM 

ABYXNMMOCKOCTHOE CTEPEOCKEHHHPOBAHHEe H KOMÖHHHPOBAHHOE H3OTONHOE HCCNEeNOBaAHNHe C NOMOUIBER 

MEyEeHHOA 30N0OTOM-198 mn AonoMm-131 6GeHransckof posbıl. BonbHble ÖbInM pasneneHbI Ha BOCeMb 

KIIHHUYECKUX rpynn, MH COOTBETCTBEHHO NIPOH3BOANUNCA C6ÖOP H OlEHKAa AHATHOCTHYEeCKHX AaHHbIX. 

Jlaerca KpaTkoe H3NOXKEHHE pe3y1bTaToOB ITOTO HCCNEeNOBAaHHN. 

B Kaxıaof KINHHyecKoA Tpynne aHanM3bI NPOBOANUNNMCB OTAenNbBHOo. HanpuMmep, B 95% ns 65 
cnyuaeB 3XHHOKOKKOBON ÖOoNesHH ÖbIN O6Hapy’xKEH OTPAaHHMEHHBIÄ yyacToK NopaxeHnnua. PeHrtre- 
HOBCKOE OÖCNEAOBAHHE BbIABHIO OÖU3BECTBIAIEHHE TONBKO B 35%HOTHX cNnyyaeB, a Takxe B 14% 
cnyuaeB APyTHuX 3saboneBaHnf neuenn. Peakumn BaiHnbepra u KacoHHu 6bINM MONOXHTENBHBI B 64% 
cNy4uaeB 9XMHOKOKKOBOH 6ONEeSHH, a TaKxe B 22%cnyuaeB Apyrux 3saboneBaHnnä. Ilpu snokayecrt- 
BEHHEIX 3a60neBaHHAX TIeEYeHH OTPAHNUEHHBIÄ YUaCTOK NOPaxeHun 6bI1 O6HapyxeH B 44% cnyuaep, 
HeACHaa CKeHHOTPaMmMa B 30%, MOPPoNOTHyuecKHe H3MeHEeHHuA—B-29%. B aByx n3 158 cnyuaes 
CKeHHOTPaMMa OlIMÖOYHO OKa3anacb HOPMAnbHON, OAHAaKO B AOYITHUX Ke cnyuaeB Na6oPpaTopHbIe 
pesynbTaTtbI 6bIIM OTPHUATENBHBEIMH. 

Bnaronapa NPHMeHeHNHD MeToANa AByX H TPEXNNOCKOCTHOTO CTEPeOCKEHHHPOBaHHa B 45% cny- 
yaeB ÖbIJIH NONyY4eHbI HOBble H AONONHHUTENBHEIE AAHHbIE O COCTOAHHH TIeyeHH. 

CKEeHHHPOBAaHHe MeYeHH MIPUMEHANOCB TaKXKeE IIPH NOCNeAyPUHX HccnenoBannuax. Bbino 06- 
Hapy’XKeHo, YTO: 

1) mocne 3XHHOKOKKOTOMHH OCTAETCA OTYETNUBBIH Py6el KaK OTPaHHYEHHBIÄ yYacToK HOPaxeHHg; 

2) yepes Tpm Mecaua nocNe H3NeyeHuA aMeÖHOTO abcuecca NPOHCXOAHT NONHaA pereHepaunus; 

3) nocne CO3AaHHA NOPTO-KaBalbHOTO AHACTOMO3A Pa3Mep CKeHHOTPAMMBI HEYEHH YMEHbLAaETCH, 
a cene3eHKH —-yBelN4NHBaeTca, Naxe TIPH YHOBNETBOPHTENBHOM OÖlIeEM COCTOAHHUH; 

4) IPH HeKOTOpbIX AUBDYSHEIX NOPAXKEHHAX MEYEHNH UHTOCTATHYeCKHE ATEHTEI MOTYT ÖbITb BpeMeH- 
Ho OabbeKTHBHbI,; 

5) NPH NOBTOPHOM CKEHHNPOBAaHHH MIpeAnonaraeMmoe 3a6oneBaHue MOXET OKa3aTbCH OTPAHHYEHHBIM 
yYaCTKOM NOPaXeHHA HIN UCYeSHyTb. TakHM 06pa30M AHaTHO3 3aBUCHT OT BPeMEeHH CKeHHHPO- 
BaHun. ’ 

BbIBonbl: 1. CKeHHNPOBaHHe NeyYeHH MOXET CYUNHTATBCH OYEHb MONE3HEIM METOAOM KAIHHH- 
YEeCKOTO, MOPPONOTUYeCcKOoToO H TONOTpabnuecKorTo AHAaTHO3a NIPH NATONOTHYECKUX U3MEHEHHSX 
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neuenn. 2. Peaysbratbl MOTyT ÖbIrb ynyuuleHbl yTeM: a) yıyuueHna annaparypbi 4 nPHMeHeHns 
METOAOB CTEPeOCKeHHNPOBAaHHA, 6) IyuWero COTPYAHHYeCTBA MEeXAy TepaneBTaMmu KH XuPypraMn. 


EXPLORACIÖN HEPÄTICA DE 700 PACIENTES (Evaluaciön de los m&todos actuales de diagnöstico). 
El autor ha examinado el higado de 700 pacientes (estudios clinicos, anälisis de laboratorio, exämenes 
roentgenogräficos y exploraciones centelleogräficas), ha seguido la evoluciön clinica de los pacientes y ha 
podido obtener en la mayorfa de los casos una confirmaciön objetiva del diagnöstico. Esto ha permitido 
evaluar los ensayos realizados. Para la exploraciön del higado se utiliz6 19%Au, Rosa Bengala marcado con 
131] y polivinilpirrolidona marcada tambien con 131], Ademäs de la exploraciön anteroposterior, se recurriö 
a tecnicas especiales como la exploraciön estereoscöpica en dos o tres planos y al empleo combinado del 198 Au 
y el Rosa Bengala marcado con !3!] para determinar los coeficientes relativos de fijaciön de estos radioisötopos 
en el higado. Los pacientes habian sido distribuidos en ocho grupos clinicos con miras a la compilaciön y 
evaluaciön de los resultados del diagnöstico. En la memoria se presenta un resumen de estos resultados. 

Cada grupo clinico se analiz6 por separado. Por ejemplo, se detectö una lesiön macroscöpica en el 
95% de los 65 casos de equinococosis. La radiograffa s6lo permitiö descubrir calcificaciones en el 35% de 
estos casos, pero tambien en el 14% de los otros casos de afecciones hepäticas. Las reacciones de Weinberg 
y Casoni fueron positivas en el 64% de los casos de equinococosis, pero tambien en el 22 por ciento de las 
otras enfermedades. En loque respecta al cäncer del higado, se detectö una lesiön macroscöpica en el 44% 
de los casos, se obtuvo un centelleograma velado en el 30% y se observaron modificaciones morfolögicas en 
el 29%. En dos de los 158 casos de tumores malignos, el centelleograma parecia falsamente normal, pero 
en el 40% de estos mismos casos los resultados obtenidos en el laboratorio fueron negativos. 

Con la tEcnica de exploraciön estereoscöpica en dos o tres planos se obtuvieron datos nuevos o com- 
plementarios sobre el estado del higado en el 45% de los casos. 

La centelleograffa se utiliz6 tambi&n para el control ulterior de los resultados. Se han hecho las siguientes 
observaciones: 

15 Despu&s de una equinococotomia persiste una cicatriz caracteristica en forma de lesiön macroscöpica. 
2. Tres meses despu&s del tratamiento de un absceso am&bico, se produce una regeneraciön completa. 
3. Despu6&s de una derivaciön porta-cava, la imagen del higado es mäs pequefia y la del bazo mäs grande, 
incluso cuando el estado general es satisfactorio. 

4, Los agentes citostäticos pueden ser momentäneamente eficaces para ciertas lesiones hepäticas difusas. 
5 Ha ocurrido a veces que al explorar de nuevo una lesiön dudosa &sta ha aparecido como una lesiön 
macroscöpica o ha desaparecido totalmente. Por tanto, la &poca en que se efectüa la exploraciön puede 
afectar al diagnöstico. 

Conclusiones: 1. La exploraciön hepätica puede considerarse como me&todo muy ütil para el diagnöstico 
clinico, morfolögico y topogräfico en hepatopatologfa. 2. Los resultados pueden mejorarse: a) utilizando 
aparatos perfeccionados o tEcnicas de exploraciön estereoscöpica, y b) estableciendo una eficaz colaboraciön 
entre el clinico y el cirujano. 


The hepatobiliary system was examined in 700 patients, using radio- 
isotope [1], laboratory|2], roentgenological |3] and clinical [4] examination 
simultaneously. The patients were followed-up so that an objective con- 
firmation of the diagnosis could be obtained. In most cases bioptic, operative, 
or post-mortem anatomo-pathological findings were collected. In some 
cases clinical and laboratory post-therapy follow-up examinations were per- 
formed, which enabled us to diagnose the liver condition conclusively. 

The work was carried out in collaboration with neighbouring hospitals 
and out-patients clinics, and a clinical approach was adopted with a study 
of the history and a physical examination of the patients. 

Morphologic and functional (biliary) aspects of the hepatobiliary patho- 
logy were studied after marking the reticuloendothelial, parenchymal and 
biliary systems by radioactive hepatotropic substances, namely Aul®, RRB 
(radioactive Rose Bengal), PVPI!31 (polyvinylpyrrolidone-1!3!) [5]. 
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Notwithstanding the facilities and the enlarged work programme, the 
results of the classical antero-posterior (AP) hepatoscanning were unsatis- 
factory, the clinical and isotope diagnoses agreeing only in 65-75% of the 
cases. Three additional techniques were therefore introduced: stereo- 
scanning, evaluation of radioisotope liver coefficients, and combined use 
of RRB+ Aul®+ RILC (radioisotope liver coefficient). 


MATERIAL AND METHODS 


The livers of 317 males and 387 females, were examined according to 
a standard procedure [6]. The patients were aged 1 month to 84 yr, the 
average age being 47 yr. Half of the patients were of European origin, one 
third of Asiatic and African origin, 34 were Arabs and 42 Yemenites. More 
personal data are given in Table I. 

First a short clinical history of each patient was recorded and then the 
costal margin and the liver limits were traced on the skin. The last detail 
is essential. The patient was weighed and then one of the following isotopes 
injected: (a) 3 to 5 uc/kg body weight of a colloidal suspension of Aul%, for 
a morphological liver study; in 12 cases PVPIl31 was used (3 uc/kg body 
weight). (b) I!3!-]Jabelled tetraiodotetrachlorofluorescein RRB: 10-15 uc 
for a biliary tracing study and 3-5 uc/kg body weight for a complete study, 
including scanning of the right hypochondrium. 

In the case of Aul% injection scanning of the liver was started 15 min 
after the radiogold injection. The RRB tracing was started at the time of 
injection and continued for 20-30 min. In obstructive jaundice, the RRBin 
the stools and urine was also examined. 

To the classical technique of AP hepatoscanning we added the following. 

(a) Tri- or bi-plane scanning (stereoscanning) [7, 8]. The dimensions 
of anormal adult liver are 15X18X24 cm. The big right lobe is too large 
to be seen to its entire depth and lesions situated posteriorly or medially 
may remain undetected (Fig.1). To avoid this we attempted to reduce the 
distances by placing the patient on right lateral, postero-anterior and even 
if necessary on left lateral positions, for the scanning. A complete stereo- 
scanning lasts 13-2 h. 

(b) The evaluation of two radioisotope liver coefficients (RILC). The 
Area Liver Coefficient (ALC) was calculated to distinguish between a physio- 
logical and pathological large liver scan. We measured the area of the scan 
by a ponderal method and the formula - scan area (cm2)/body weight (kg) - 
gives the value of the ALC. 

Livers with a high ALC may be of proliferative, or of multimicrometa- 
static nature. The Radiation Liver Coefficient (RLC) was investigated to 
facilitate differential diagnosis. We established standard conditions for 
the liver scanning, connected a scaler with the cliniscanner and measured 
the radiation emitted by the liver during the scanning. The quotient, radia- 
tion of liver (cpm)/area of liver (cm?), gives the RLC [9]. 

(ce) A combined liver study RRB+ Aul%+ RILC was performed in one- 
session examinations of the morphology, topography and biliary function of 
the liver [10]. A small dose of RRB was injected and its accumulation in 
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LAT dır. 


. PA dir. 


Transversal section of a man's body on the level of TI2 
A multichannel focussing collimator is set in three directions 
(AP,LAT,PA) towards the liver. Isoresponse curves of Ar 


radiation in water, are superposed. 


Fig. 1 


Principles of the stereohepatoscanning (Normal case) 


different parts of the liver was recorded, as also its passage into the in- 
testine. Thirty minutes later Aul% was injected followed by stereoscanning 
(Fig. 2). The disappearance curve for the study of the liver circulation can 
also be established and the RILC calculated. This combined examination 
lasts about 2 h. 

An autoscanner (Nuclear Chicago 1700) with a photoscanning attachment 
and a cliniscanner (Picker) were used. The detectors (2-in thallium- 
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RADIOISOTOPE LIVER COEFFICIENTS (Case 287) 


R-J.12G; 

Examined em?/kg cm?/cm cpm/cm 
plane B.W. B.H. L. A 
AP 2.5 141 450 
LAT 2.2 0,9 570 
PA 2.0 0,9 510 


Case 6458-287- - 40Y, 


liver cirrhosis 


Complete radioisotope liver study - RRB+Au!?®+RILC (cirrhosis proved by biopsy) 


Radioisotope liver study 


Fig. 2 


activated sodium iodide crystals), multichannel collimators, and 3- to 5-cm 


thick lead shields were connected with rate meters and scalers. 
A scheme for scannographic follow-up was established: 


(a) infectious 


and metastatic conditions were examined 2 or 4 weeks after therapy, and 


again 8 and 16 weeks after the therapy; 
were rescanned 4-12 weeks after operation; 


were followed for a spray detection. 


(b) livers with cysts and tumours 
(ce) livers of cancerous patients 
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Simultaneously, laboratory examinations were performed: (a) sero- 
logical: liver tests (Lugol, thymol turbidity and flocculation), BSF-test, 
serum bilirubin (direct and indirect), iron, cholesterol, albumin, alkali 
phosphatase, prothrombin time, and transaminase; the Mac Dermott'!s 
index of the hepatic function [11] was calculated. (b) Haematological examin- 
ation: the erythrocyte sedimentation rate, leucocyte count and per cent of 
eosinophils in the smears. (c) Parasitological examination: amoeba histo- 
lytica, Casoni and Weinberg reactions. (d) Roentgenological examinations 
focussed to find: (i) changes in the right hypochondrium (position of the 
diaphragm, calcification, shadows); (ii) pressure-signs on the gastro- 
intestinal or urological systems due to an enlarged liver, and vice versa; 
(iii) alterations in the biliary system. 


RESULTS AND DISCUSSION 


The problems will be analysed on four levels: (1) the scannography of 
an individual liver; (2) the scannography in groups of liver diseases; (3) the 
hepato-scannography for follow-up study; (4) comparison of the results from 
scanning and other methods. 


l. The scannography of an individual liver 


The interpretation and discussion of each individual liver scanning were 
carried out by two of our staff who also’ had additional anamnestic and phy- 
sical data on the patient. The scan findings (signs) were classified as (i) 
normal (Fig. 1), (ii) morphologic changes (Fig. 3) or (iii) topographic changes 
(Fig.4), (iv) space occupying lesions (SOL) (Fig.5), (v) fine or coarse partial 
or totally diffuse foggy scans with or without interpenetration (Fig.6), (vi) 
hepatosplenogram (hepatosplenoosteogram) (Fig.7) and (vii) biliary or cardiac 
impression changes (Fig. 8). 

One or more scan signs were observed on every scan. Most signs were 
seenin liver ceirrhosis, and less in normal and tumourous livers. On the 
average there were 1.7 signs per Scan. 

Table II summarizes the percentage of each class of hepatoscanning 
signs in correlation with the clinical liver condition. Among 1147 signs 
identified on the liver scans of 650 pathological cases, we recomized: (i) 136 
(or 12%) normal scans, 33% of these being in livers with hepatobiliary dis- 
eases and in cases investigated for metastatic spray; only 1% was seenin 
neoplastic and cirrhotic livers, and 3% each in parasitic, cardiac and dif- 
fuse liver conditions. (ii) 258 (or 23%) space occupying lesions, 44% of 
them in neoplastic livers, 37% in parasitic, and 7% in biliary conditions. 

We can conclude that (a) none of the scan findings is pathognomonic for 
a hepatic lesion; there exists only a statistical prevalence; (b) the results 
in each case should be evaluated in conjunction with the clinical details; 
(c) we are able to give only a scan diagnosis but not an aetiological one. 

The following new techniques were found to improve the scan diagnosis: 
(a) A lateral scan provided additional information in 36% of the cases: (i) in 

7%, new scan signs were detected, mostly SOL's in the posterior or 
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Fig. 3 
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Fig. 4 


Liver scan - topographic change (normal liver displaced by pleuritis carcinoma) 


central part of the right lobe (metastases, echinococcus cyst, amoebic 
abscess, extraperitoneal tumour) (Fig. 9); (ii) 29% were of correcting 
value, localizing precisely the lesion seen on AP examination (important 
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(b) 
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Fig. 5 


Liver scan - AP+LAT - 2space occupying lesions (on operation: 2 hydatidoses) 


to establish the surgical approach) and giving information on their shape 
and size (important for the follow-up study of liver pathology). 
Postero-anterior scanning provided additional information in 9% of the 
cases. These were not usually new signs. (Those that were new were 
in the left lobe and paravertebral regions (Fig. 9)); in most cases ad- 
ditional information was obtained about existing lesions. 

Evaluation of RLC was helpful in two situations (i)in foggy micromulti- 
macular, enlarged scans, for differential diagnosis between micro- 
metastatic spray, and hypertrophic or hyperplastic, cardiac, cirrhotic 
or infiltrative livers. Normal ALC equals 2-3 cm?/kg and RLC 
is 600 cpm/cm? in our conditions. In the metastatic livers we found 
an elevated ALC and a decreased RLC: the reticulo-endothelial sys- 
tem (RES) is partially destroyed and the infiltrating neoplastic tissue 
does not trap the gold particles. In the hyperplastic large livers we 
found an elevated ALC but a normal or even elevated RLC: The RESis 
conserved or hypertrophied and the Aul!% colloid is widely taken up 
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Fig. 6 


Fig. 7 


Hepatosplenoosteogram (Lupoid cirrhosis) 
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15.2.1961 


Fig. 8 


Liver scan with a large cardiac impression (on X -ray: hernia diaphragmatica) 


(Table III). (ii) For differential diagnosis between physiological and 
pathological liver enlargement. A physiological high ALC is found in 
normal children (Table III). It decreases with age, from 13 (at 1 month) 
to 2.5 (at 9 yr). The hepatoscan shows also that the infantile liver is 
ptotic till 9 yr when the topography becomes normal (Fig. 10). 

We thus conclude that the liver coefficients may differentiate be- 

tween some pathologic and physiologic liver changes, which cannot be 
evaluated by the simple hepatoscanning. 
A combined Rose Bengal-gold examination is useful for two reasons: 
(i) It allows a complete radioisotope examination of the hepatobiliary 
system to be performed at one time, for a general check-up when this 
system should be especially studied. (ii) It is helpful in the differential 
diagnosis of intrinsic or extrinsic as also congenital obstructive jaun- 
dice: The RRB examines the biliary hepatic function, the cystic 
accumulation and the intestinal passage; the Aul93 bi- or tri-plane 
scanning detects intra- or extra-hepatic space occupying lesions 
(with RRB a tri-plane examination is too long and not feasible). Itis 
also advisable to examine the urinary and faecal excretion of the RRB, 
especially in congenital cases. 


The scannography in groups of liver diseases 


The definite diagnosis of the 700 livers was made in 82% of the cases 


by histopathological examination, and in 18% by clinical and therapeutic 
follow-up (Table IV). The cases were classified into 9 clinical groups be- 
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Fig.9(a) 


AP and PA follow-up scan (gastric carcinoma) 
A SOL appeared on PA scan only 


Fig. 9(b) 


AP and LAT scans 
A SOL visible on LAT only (recurrent hydatid cyst) 


cause: (a) various pathologic,therapeutic and laboratory patterns correspond 
to various hepatic diseases; (b) the scanning signs for each group are also 
different but more selective and specific, although non-pathognomonic. 
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TABLE Ill 


RADIOISOTOPE LIVER COEFFICIENTS AT 
DIFFERENT PATIENTS' AGES AND IN 


DIFFERENT LIVER CONDITIONS 


ALC 
(em?/kg) 


RLC 
(cepm/kg) 


Age Diagnoses 


l month Normal 


2 months Normal 
9 months Normal 
Iyr Normal 
Yyr Gaucher’s disease 


Adult Normal 


Adult 


Fatty liver 


Fig. 10 


Stereoscans of infantile livers 
(aged 1 month, 2 months, 8 months, 9 yr) 
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The signs are classified in Table V, which shows: (a) in liver para- 


sitoses a SOL is the predominant scan sign, and signs of morphologic and 
topographic changes are next in frequency; (b) a SOL is also a predominant 
scan sign in malignant liver but followed by foggy scans; (c) in biliary 
condition a normal liver scan predominates, followed by a large biliary 
notch. Similar observations can be made in all the other groups. 


Conclusion 


The study of the frequency of the scan signs correlated to the clinical 


group, may be of help for more correct diagnostic orientation. 


3. 


(a) 


(b) 


(e) 


The hepatoscannography for follow-up study 


A follow-up study was carried out in five directions: 
Liver amoebic abscesses were followed after internal treatment [12] 
(Bie-1T). 


Fig. 11 


Amoebic liver abscess followed 2 months after emetine treatment (regeneration) 


Liver echinococcuses were followed after operation [13] (Fig.3). The 
results of the study of 65 hydatic cysts and 42 amoebic abscesses are 
summarized in Table VI. 

Diffuse neoplastic liver conditions were followed after cytostatic treat- 
ment. Polycythaemic enlarged livers became smaller after P32 treat- 
ment; diffuse livers of Hodgkin's disease became smaller after NHa 
injections (Fig. 12). 
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Fig. 12 


Splenohepatomegaly in lymphogranulomatosis 
Stereoscanning before and 1 month after NH, therapy. 


(d) Cardiac livers were followed after cardiotonics (digoxin). 
(e) The livers of cancer patients were followed-up for detection of mitotic 


spray (Fig.9(a)). 
Conclusion 


The follow-up rescanning is of pathologic and prognostic importance. 
It gives the possibility of evaluating the positive or negative changes after 
therapy. 


4. Comparison of the results from scanning and other methods 


The results of examinations other than scanning vary in different clinical 
groups of liver diseases. We classified these results as (i) normal, (ii) 
partially altered or suspected, and (iii) clearly positive. Table VII gives 
comparative results for four groups. 

(a) In the 50 normal patients the scannings were absolutely normal in 49 
cases. Displacements and enlarged notches were noted but these find- 
ings are of secondary importance. The results of X-ray and labora- 
tory examinations are of almost similar value in these normal cases. 

(b) Definitive positive scannographic results were obtained in 77% of liver 
tumours, but the X-ray and laboratory testings were reliable only in 
7-12% of the same livers. In liver echinococcus the scannographic me- 
thod is reliable in 91% of the cases and the X-ray only in 35%. The la- 
‚boratory tests were 9 times less reliable than the scanning. There was 
more than 4% eosinophilia in 42% of the cases and more than 10% in 
10% ofthe cases. However, this test is very non-specific. In biliary 
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diseases the scannographic findings are clearly positive in 31% of cases, 
and the X-ray in 28% but the laboratory is only half as effective. 

(c) False normal findings were found in similar proportions. In1, 50, and 
59% of proved hepatic tumours the results were normal in radioisotope, 
X-ray and laboratory testing respectively. The corresponding figures 
for liver echinococcus were 5, 36 and 62% and for biliary disease 16, 
3l and 57%. 


Conclusion 


(a) In liver pathology, the radioisotope method of examination gives: 
(i) from 3 to 10 times more verified good results than the X-ray, and from 
6 to 9 times more than the laboratory method. (ii) false normal results - 
from 7 to 50 times less than the X-ray, and from 12 to 60 less than the la- 
boratory. 

(b) In biliary pathology, the results of isotope and X-ray studies are 
almost equally positive for isotope and X-ray study,and twice as good as the 
laboratory. But thetalse normal tindıngs are almost twice more in the X-ray 
and 3$times more in the laboratory than in the isotope study. 


SUMMARY 


The livers of 700 patients were examined simultaneously by radioiso- 
tope, X-ray and laboratöry methods. The diseases of the same livers were 
diagnosed by objective methods and classified in nine clinical groups. 

The results of the examinations were then correlated with the clinical 
diagnoses and so the reliability of each examination method was established 
for each of the nine clinical groups. 

To improve the results of the classical AP hepatoscanning three special 
techniques were used in addition: stereohepatoscanning, calculation of 
radioisotope liver coefficients and combined Aul®+ RRB + RILC liver study. 

The conclusion reached is that liver scanning today may be considered 
a reliable method of examination of liver morphology and biliary function. 
It is 1-12 times more reliable than the X-ray and laboratory methods. The 
results can be improved by stereoscanning and some additional procedures, 
as also by using a clinical approach in conjunction with the radioisotope 
technique. 
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DISEUSSEON 
(On the three foregoing papers) 


E. OTERO-RUIZ: During our studies of 60 cases of hepatic lesions 
carried out under IAEA research contract No.159/RB, in which we used 
Au198-colloid, our experience was similar to that described by the authors 
of the papers presented. In 45 cases (Fig.1), the anatomical data enabled 
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BUT NORMAL LIVER AT SCAN 


AMOEBIC ABSCESS 


Fig.1 


Results of liver scanning with Aul9&colloid: positive correlation 


us to confirm our findings regarding the location and size of the lesions. It 
was established that 17 lesions were amoebic abscesses, 13 were hepatic 
tumours and 15 were miscellaneous in character. We ignored as '"doubtful' 
the cases which could not be diagnosed owing to the poor resolution in the 
scan or the lack of anatomical confirmation of the lesions. We also think 
it advisable to make another scan in addition to the antero-posterior scan, 
since the latter (Figs.2 and 3) may show what appears to be a normal liver, 
whereas the lateral scan may show a hepatic abscess in the same patient. 

Recently we started using the profile technique, as suggested by 
Dr. MacIntyre. A characteristic metastatic lesion with its corresponding 
profiles can be seen in Figs.4 and 5. We are becoming increasingly con- 
vinced of the usefulness of profiles in making a quantitative study of the 
filling defects observed in dot scanning. 

D. IKKOS: There is no doubt that multi-plane scanning is superior to 
single-plane scanning in special cases, but it takes more time than we can 
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Fig. 2 


Antero- posterior scan of patient with hepatic abscess 


afford for routine purposes. Ithink that single-plane scanning is very satis- 
factory in detecting hydatid cysts in the liver; this is borne out, to a great 
extent, by our data as compared with the data presented by Dr. Czerniak. 
According to his data, false or doubtful results are obtained in 9% of the 
cases of echinococciasis of the liver — a figure very similar to our figure 
of 6% — although he uses a three-plane scanning technique. 

A. DESGREZ: It seems to me that Dr. Gongora considers the accentu- 
ation of the interlobar notch as a pathological symptom. From earlier work, 
and also from the work done by Professor Caroli, I got the impression that 
this symptom, contrary to my former belief, had no practical significance. 
I should like to know if anyone has had an opportunity of studying the morpho- 
logical variations which may occur in this area in anormal subject. The 
area concerned is particularly interesting in view of the questions asked 
by clinicians on the subject. 

R. GONGORA: We did not observe any "isolated'' accentuation of the 
interlobar notch. This accentuation is always accompanied by hypertrophy 
of the left lobe, of which it is a consequence. 

P. CZERNIAK: We were unable to observe a strongly accentuated inter- 
lobar notch. The differences that we observed in the region of the boundary 
between the right and left lobe were as follows: (1) atrophy of the left lobe, 
mostly congenital; (2) compensatory hypertrophy of the left lobe resulting 
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Fig. 3 


Lateral scan of same patient as Fig. 2 


from pathological or destructive processes in the right lobe; (3) filling of 
the region in cases of hypertrophic Riedel's lobe. It is necessary to dis- 
tinguish between the changes in this region and the changes in the biliary 
notch, which may be considerable. 


E. LUBIN: In one of the false negative cases mentioned by Dr. Ikkos 
a small cyst was found on the upper border of the left lobe. I think that, 
for a correct evaluation of a suspected upper-border lesion, the superimpo- 
sition of a conventional X-ray thorax picture of the patient on the scan would 
allow for a better semeiology of the liver-diaphragmatic space. 


D. IKKOS: Iagree. Unfortunately, we were unable to make the scan 
and take a conventional X-ray picture on the same X-ray film. 
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Fig.4 


Antero-posterior scan of patient with hepatic metastasis 


B. BODFORSS: I should like to ask Dr. Czerniak what was the source 
of his I131-PVP and how long after injection he performed his scans. lIask 
this question because we have used Il3l-PVP from Amersham with a mean 
molecular weight of about 35000. With this product the level of activity 
in blood is too high for liver scanning during the first 24 h. 

P. CZERNIAK: We first used I131-PVP produced by Gordon at the 
National Institutes of Health, Bethesda, Md., United States of America. We 
then labelled PVP ourselves, using the method developed in the National 
Institutes of Health, and finally we used Il31-PVP from the Radiochemical 
Centre, Amersham, England. The scanning and recording with a directional 
counter were performed 2 h, 24h, and 2, 3 and 7 d after Il31-PVP injection. 
In some cases we followed the Il31-PVP in the liver for 10-12 d after 
injection. 

D. IKKOS: Dr. Gongora mentioned that he uses Aul9-colloid because 
of its known advantages over Il31-Rose Bengal, i.e. longer biological half- 
life, no activity in the gut, etc. May I ask whether he has made acomparison 
of the value of the two substances in the same subject? Since Il3l-Rose 
Bengal is taken up by parenchymal cells, while Aul98-colloid is taken up 
bythe reticulo-endothelial cells, it is possible that the scans made with these 
two substances might differ because of specialized damage. I should also 
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Fig. 5 


Profile scan of same patient as Fig. 4 


like to ask Dr. Gongora if he has any explanation for the prolongation of 
the clearance time in amoebiasis. 

R. GONGORA: We had an opportunity to scan the same patient using, 
first, Il31-Rose Bengal and, after that, Aul98-colloid. It was impossible 
to arrive at any definite conclusion on the basis of this study. We did not 
find that the distributions observed in the two scintigrams differed signifi- 
cantly. As to your last question, an acceleration in the blood clearance 
time is observed in subjects with amoebiasis during the onset of the disease 
and seems to be due to inflammation. Prolongation of the clearance time 
is observed in patients who have been suffering from chronic amoebic hepa- 
titis for a long time and can, apparently, be attributed to hepatic sclerosis. 

G. GOMEZ-CRESPO: Itis well known thatthe microscopic distri- 
butions of Il31-Rose Bengal and Aul98-colloid within the liver are not the 
same. However, the resolution of our collimators is not good enough to 
permit any differentiation. 

In collaboration with Dr. MacIntyre and Dr. Christie (Highland View 
Hospital, Cleveland, Ohio, United States of America) I studied the distri- 
bution of T31-Rose Bengal and Aul9-colloid in gross radioautographs of 
terminal patients injected with either one of these materials. For practical 
purposes the distribution is the same. Of course, the gall bladder will 
appear as a positive concentration of radioactive material in the Rose Bengal 
scan, whereas the same organ will appear as a void in the Aul9 scan. 

A. BAPTISTA: Two years ago, at the International Cancer Congress 
in Moscow, we presented the results of a comparison between Aul98-colloid 
scanning and Il31-Rose Bengal scanning in the same patients. The findings 
in patients with liver metastases can be briefly summarized as follows: 
(1) Defects in the liver structure were more clearly defined with Au! - 
colloid than with Il31-Rose Bengal; (2) In many cases, however, no corres- 
pondence was observed between the distributions of the two radionuclides. 
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G. GOMEZ-CRESPO: With regard to the distribution of Il31-Rose Bengal 
and Aul98-colloid, I do not know of any scanner that gives better resolution 
than that obtained in radioautography. 

A. BAPTISTA: Autoradiography with beta radiation only provides infor- 
mation concerning the distribution of activity in the most superficial layer 
of the section studied. If we require information about the distribution 
throughout the volume of the organ, this is much more easily obtained by 
using gamma radiation and scanning techniques. 

I should like to draw attention to the pitfalls in studying liver blood flow 
in terms of the clearance of a colloidal substance from the blood, as shown 
in Professor Larsson's paper“ and in the paper presented by Dr. Kniseley** 
at this Symposium. A much more reliable index of liver blood flow can be 
obtained from the uptake curve in the organ***. This index is much less 
sensitive to the influence of the reticulo-endothelial system and can, in any 
case, be corrected for the effect of the latter system if the form of the blood 
clearance curve is known. 

M. BEN-PORATH: The papers under discussion show that there is a 
tendency to make multi-plane scans when scanning the liver. In discussions 
on the question of whether high-energy or low-energy isotopes should be 
used in liver scanning, the main point made in favour of high-energy iso- 
topes was that they allow the detection of deep-seated lesions. If we are 
unable to produce a good enough collimator to achieve this by means of 
single-plane scanning, why should we not use low-energy isotopes, e.g. 
I125-]abelled Rose Bengal, for multi-plane liver scanning, employing an 
infusion technique to maintain a constant I125-Rose Bengal concentration 
in the liver for a sufficient time to allow the scans to be made in all planes? 
Another possible material is Aul95-colloid, whose 90-keV X-rays are very 
convenient and whose lack of beta radiation is an advantage. In spite of its 
relatively long physical half-life, the dose per microcurie to the liver is 
similar to that from 1 uc of Aul9, assuming a biological half-life of infinity. 

R. GONGORA: In hepatic amoebiasis the defects in the picture are not 
all of the same type, since some rapidly regress after medical treatment, 
whereas others persist. How does Dr. Czerniak interpret these facts? 

P. CZERNIAK: We have not observed characteristic signs for the 
space-occupying lesions due to amoebic abscesses nor have we been able 
to give an aetiological diagnosis from the shape of any such lesions. An 
infected echinococcus cyst may simulate, both clinically and on the scinti- 
gram, an amoebic abscess. We have not observed different results after 
treatment in cases of amoebic abscess. The volume of the abscess and its 
location may influence the rapidity of the liver regeneration. 

I should like to comment on the scanning of amoebic liver abscesses 
after emetine treatment. In cases of amoebic hepatitis we obtainedanormal, 
regenerated scan two weeks after an intensive and sufficient treatment (4 d 


* LARSSON, L.-G. and JONSSON, L., "Bone-marrow scanning after intravenous injection of 
colloidal Aul98", these Proceedings Il. 
*> KNISELEY, R.M., ANDREWS, G.A., EDWARDS, C.L. and TANIDA, R., "Scanning of bone 
marrow in haematopoietic disorders”, these Proceedings II. 
x See BAPTISTA, A. M. and SILVA CARVALHO, J., "Study of the liver blood flow using 
gamma-emitting radionuclides”, Proc. 2nd. UN Int. Conf. PUAE 26 (1958) 157. 
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of intravenous injections of emetine followed by Arralen). In cases of 
amoebic abscesses we observed a regeneration of the liver 2-3 months after 
the same treatment. We did not observe residual space-occupying lesions 
after treatment of an amoebic abscess except in one out of 42 cases. The 
lesions observed were mostly foggy regions or morphological changes. 

D. IKKOS: Our experience is similar to that of Dr. Gongora and 
Dr. Jammet, particularly with regard to changes in liver scans in cases 
of chronic amoebiasis without known liver abscesses. 

I should liketoaskDr. Czerniak if he has used Aul98 or other substances 
in scanning the livers of infants and older children? 

P. CZERNIAK: We used Il3l-Rose Bengal as well as Aul98-colloid in 
such cases. Il31-Rose Bengal was mostly used for diagnosing biliary-duct 
atresia in congenital jaundice. Aul?3-colloid was used over a period of five 
years in selected, rare cases of children who were hospitalized suffering 
from malignant diseases in a terminal state. Those cases in which the liver 
was found at autopsy not to be involved were included in our data on liver 
scans of children. 


LIVER SCANNING WITH RADIOMOLYBDENUM 
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Abstract — Resume — AnunoTauns — Resumen 


LIVER SCANNING WITH RADIOMOLYBDATE. Carrier- free Mo® injected intravenously as molybdate 
concentrates rapidly and efficiently in the polygonal cells of the liver. The hepatic uptake of Mo°® is accom- 
panied by a gradual build-up of the daughter Tc®®M whose 0.140 MeV gamma radiation is particularly suitable 
for scanning purposes. Good visualization of the liver is obtained when scans are done 24 h after injection 
of 40 to 50 uc of Mo°°. At this time, the maximum count-rate of Tc®M is obtained over the liver, and the 
Te®>M injected together with Mo® has been almost lost, either by excretion or decay, thus securing low back- 
ground count. 

“  Metastases, abscesses and other space-occupying lesions are visible as defects. A hepatoma produced 
a "hot" nodule on the scan by selecting Mo°° to a greater extent than did the surrounding liver tissue. Decreased 
hepatic uptake of Mo°® is observed in diffuse hepatocellular diseases. 

Mo°° has several advantages over colloidal radiogold and I!3!-]abelled Rose Bengal: (1) It accumulates 
in the polygonal cells and its uptake portrays effectively disease states of the parenchyma; (2) The concen- 
tration of the tracer does not change during the interval of the scan since Mo” has a biological half-life of 
about 20 d. The scan can be repeated in case of technical failure without loss of quality; (3) The contrast 
ratio is superior by utilizing the low-energy gamma radiation of Tc?’N, A comparative evaluation of the 
scanning resolution obtained with Mo%- Te®m, 13! and Au! using a liver phantom is presented; and (4) the 
low energy of the principal radiation permits greatly reduced scintillation crystal size and greatly enhances 
detector and collimator efficiency. 

The total radiation dose to the liver is of the order of two rad. 


SCINTIGRAPHIE DU FOIE A L'AIDE D'UN RADIOMOLYBDATE. L'&l&Ement °Mo sansentraineur, administre 
par injection intraveineuse sous forme de molybdate, se concentre rapidement et se fixe dans les cellules 
polygonales du foie. La fixation de Mo dans le foie s'accompagne de la formation progressive d'un produit 
de filiation, ®MTc, dont les rayons gamma de 140 keV conviennent particulierement bien A la scintigraphie. 
On obtient une bonne representation du foie lorsque les scintigrammes sont Etablis 24 h apres l’injection de 
40 50 uc de ®Mo. A ce moment, le taux de comptage de ®’MTc a sa valeur maximum au-dessus du foie, 
tandis que %MTc inject€ en m&me temps que ®°Mo a virtuellement disparu, par excr&tion ou par d&sintegration, 
ce qui assure un faible bruit de fond. 

Les metastases, les abces et les autres lEsions en volume apparaissent sous forme d'anomalies du scinti- 
gramme. Un h&patome produisait sur le scintigramme un nodule «chaud> du fait qu'il fixait selectivement 
99Mo dans une plus grande mesure que le tissu environnant du foie. On observe une diminution de la fixation 
de %®Mo par le foie dans les affections hEpatocellulaires diffuses. 

L'&l&Ement %Mo pr&sente plusieurs avantages sur l'or-198 colloidal et le rose bengale marque A l’iode-131: 
a) il s'accumule dans les cellules polygonales et sa fixation donne une idee pr&cise de l'Etat pathologique du 
parenchyme; b) la concentration du radioindicateur ne change pas pendant le scintigramme, du fait que la 
periode biologique de ®Mo est d'une vingtaine de jours; en cas d'une defectuosit€ technique, il est possible 
de r&peter le scintigramme sans perte de qualit&; c) les rayons gamma de faible Energie de ®MTc permettent 
d'obtenir un meilleur contraste; le m&moire donne une Evaluation compar&e de la r&solution dans des scinti- 
grammes d'un fantöme de foie Etablis avec ®Mo- ®MTc, !#!I et 198Au; d) la faible Energie du rayonnement 
principal permet de r&duire consid&rablement la taille du cristal et d'augmenter sensiblement l'efficacite 
du detecteur et du collimateur. 

La dose totale de rayonnement regue par le foie est de l'ordre de 2 rad. 
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CKEHHUPOBAHHE NE4MEHH C NTOMOMUBP PANANMOMOJINBIEHA. Monnönen-99 6es 
HOCHTENA, BBeAeHHLIÄ BHYTPHBEHHO B Bude Monn6naTa, ÖbICTPo U ODbEeKTHBHO KOHUEHTPHUPYETCA 
B MHOTOYTONBbHEIX KleTKax meyeHnn. TlornomeHnne Monn6nena-99 neueHbP CONIPOBOXKNAeTCH NOT 
CTeNeHHbBIM O6Pa30BaHNHeM AOUePHHX 3NeMEeHTOB TexHeuna-99 m, TaMmMa-H3N1y4eHHe KOTOPBIX 
MOUIHOCTbBE B 0,140 MaB ABnAeTcA OCOÖeHHO NOAXOAALIMM ANA Nenefi CKeHHNPOBAaHNUN. Ha ckeH- 
HOTPaMMaxX, CAeNaHHbIXx 24 yaca cnycTa nocne HHBeKuMmN 40-50 MKKEpH MonnöneHa-99 nonyyaerca 
OTUeTANBoEe U306paxeHHe meueHu. B 3TOT nepHon MaKcHManbHaA CTeNeHb AKTUBHOCTU TEXHEe- 
una-99 m Ha6nmAaaerca Han 06nacTbm neyeHu, TexHeunfä-99 m, BBeneHHbIl BMecre c Monnöne- 
HOM-99 noyTu HcyeaaeT, 1NH6o B pesynprarte BbIBeAeHHA, 1M60—pacnmana, o6ecneumBaA, TaKHM 


06pa30M, HU3KUÄ DoH. 
Meracrassı, a6cuecch! u apyTue OTPaHNuyeHHble YYacTKuH NOpaxeHuA BbITNANAT KaK NebeKTbl 


sanonHenna. T'enarToMa BbITNAAMT Ha CKeHHOTPaMMe KaK "TOpauuf" y3enoK, TaK KaK KOHUEHTPH- 
pyer Mmonn6neH-99 B bonbuiefi CTeneHn, YeEM OKpyXkamılaa TeueHoYHaA TKAHB. 
ITIoHnxKeHHoe mornomeHHe MonnbneHa-99 neyeHnbm Habnmäaerca npu AUBBYy3HOM NOpaxeHHuH 


TIeYEHOYHBIX KJIETOK. 
Monn6neH-99 uMeeT HeKoTopble IPeuMyWecTBa lepeAn KONNONANANbHEIM PaAMOaKTHUBHBIM 307 


NOTOM U MeyeHHoM H0onoM-131 6eHranbcKkof pos0ofH: 1) OH HaKkanıMmBaetcA B MHOTOYTONBHBIX KNET- 
KaX U eTo NOTNOMEHHe IbhbEeKTUBHO OTPaxXaeT COCTOAHHE NOPaxKeHHOÄ NApeHXHMbI, 2) KOHUEHTPA- 
LUMA UMHANKATOPpa He U3MEHAETCHA BO BPeMA CKEHHHPOBAHHA, TIOCKONbKY TIEPHOA NONYBbIBeNeHHA MO- 
nnu6neHa-99 CocTaBnaeT npHMepHo 20 AHef; CKeHHHPOBAHHe MOXET ÖbITb NOBTOPEHO B Cıyuae TeX- 
HHYECKHX NOMeX bes yulepda ana KayuectBa, 3) KOoah hHUMeHT KOHTPacTa Bbllle TIPH HCNONB3OBAHHH 
MATKOTO TaMmMa-H3nyueHHa TexHeuna-99m. IlpeacrasneHna CpaBHHuTenbHas oleHKa paspeuamueh 
CHOCO6HOCTH IIPH CKEHHHPOBAHHH, NO H31yueHHm Monn6neHa-99—- TexHeuna-99 m, Hona-131 u 
sonorta-198 c HuCMONB30BaHHeM BbaHTOoMa TIeyeHH; H 4) HH3Ka9 3HePTHA OCHOBHOTO H3Ny4eHHA NOT 
3BONAEeT B 3HAYMTENBHON CTeNeHH CHH3SUTB Pa3Mep CUHHTHNNAUMOHHOTO KPHCTanna MH 3HaYUHTENBHO 
noBblWaeT IBheKTHBHOCTB AeTeKTopa H KOoNMIHMaTopa. 
O6man no3a O6NyueHHsA NeyeHK COCTAaBIAEeT NOPAAKa AByX pan. 


CENTELLEOGRAFIA DEL HIGADO MEDIANTE MOLBBDATO RADIACTIVO. Inyectado por via intravenosa 
en forma de molibdato y sin portador, el ®°Mo se concentra räpidamente y en grado apreciable en las c&lulas 
poligonales del higado. La captaciön hepätica de °’Mo va acompafada de una formaciön gradual de su 
descendiente °MTc, cuya radiaciön gamma de 0,140 MeV es particularmente adecuada para la centelleo- 
graffa. A las 24 h de haber inyectado de 40 a 50 uc de ?%Mo se obtienen excelentes centelleogramas del 
higado: el indice mäximo de recuento del ®MTc sobre dicho örgano ha alcanzado su grado mäximo y el 
®MTc inyectado junto con el ?®Mo ha desaparecido casi completamente por excreciön o por desintegraciön, 
dando un recuento de fondo muy bajo. 

Las metästasis, los abscesos y otras lesiones extensas se visualizan como defectos. Un hepatoma produjo 
un nödulo "caliente" en el centelleograma por haber absorbido ®Mo en mayor proporciön que el tejido hepätico 
circundante. En las afecciones hepatocelulares difusas se observa una captaciön hepätica disminuida del ®Mo. 

El 9%Mo ofrece varias ventajas sobre el oro coloidal radiativo y sobre el Rosa Bengala marcado con 131]: 
a) se acumula en las c&lulas poligonales y su captaciön refleja fielmente los estados patolögicos del par&nquima; 
b) la concentraciön del indicador no se altera mientras dura la exploraciön, porque el periodo biolögico del 
93Mo es de unos 20 d; si resulta necesario, la exploraciön puede repetirse sin que empeoren las condiciones; 
c) como se emplea la radiaciön gamma de baja energia del ®MTc, el contraste es mejor; el autor presenta 
una evaluaciön comparativa del poder de resoluciön obtenido con °Mo-®MTe, con !3!] y con 198 Au empleando 
un higado simulado; y d) la baja energfa de la radiaciön principal permite emplear cristales centelleadores 
de tamafio muy reducido y aumenta notablemente la eficacia del detector y del colimador, 

La dosis total de radiaciön recibida por el higado es del orden de dos rad. 


With the lack of a suitable radiopaque contrast material which is spe- 
eifically deposited in the liver, isotope scanning is the simplest and safest 
method of delineating the contours and internal configuration of this organ. 
The clinical usefulness of this procedure is well established. It is the pur- 
pose of this report to describe the method and results of liver scanning with 
the use of radiomolybdate (Mo93) as the tracer agent. 


LIVER SCANNING WITH RADIOMOLYBDENUM 433 
1. MATERIALS AND METHODS 


Carrier-free Mo9 produced by thermal neutron fission of uranium oxide 
is available from Brookhaven National Laboratory as the ammonium molyb- 
date. The radiopurity is better than 99.99% (except for the daughter Tc 99m), 
Technetium-99m was obtained by the method of milking from carrier-free 
parent Mo99 adsorbed on alumina. A special milking system and generator, 
from which Tc99m can be milked repeatedly, is available from Brookhaven 
National Laboratory. 

Radioassay of biologic material for Mo99 and Tc99%m was done with a 
3-in by 3-in well-type sodium iodide crystal coupled to a transistorized 
912-channel analyser (Nuclear Data Model ND-130). External counting over 
the liver and head was done in the Argonne Cancer Research Hospital whole- 
body counting facility with 5-in by 5-in sodium iodide crystal detectors in- 
serted into optimum-focusing collimators. 

The usual dose of radiomolybdenum for scanning of the liver is between 
40 and 50 ac, which is given intravenously in a single injection. Solutions 
for injection are sterilized by heat. Scanning is started 24 h after injection, 
with the patient in the supine position. All scans were made with the com- 
mercially available Picker Magna-scanner, which uses a 3-in by 2-in 
thallium-activated iodide crystal, a 19-hole focusing collimator, a pulse- 
height selector, and two alternate data presentation systems, one of which 
is a background eliminating solenoid recorder, and the other a photographic 
recording system. In order to record the 0.140 MeV gamma radiation of 
Tc99m, the lower and upper gates of the pulse-height analyser are set at 
90 and 200 keV respectively. The scans are run at a speed of 40 cm/min, 
with a distance between adjacent lines of the scan of 0.3 cm. Usuallyih 
is required to perform a scan. Upon completion of the scan the position of 
the liver edge, any palpable abdominal mass, and the costal margins are 
plotted on the scintigram. 


2. BIOCHEMICAL AND PHYSICAL PRINCIPLES 


A single tracer dose of Mo99 injected intravenously as sodium or am- 
monium molybdate disappears rapidly from the circulation of man. Six 
hours after injection of carrier-free material into normal subjects, the blood 
level has fallen to less than 1/300 of the initial concentration. Since only 
a minor portion of the administered molybdate is excreted during the first 
few hours, such rapid clearance signifies uptake of the element in one or 
more tissues. Secondly, the rate of clearance is dependent upon the dif- 
fusion space of molybdate, and the rate of excretion. Radioassay of tissues 
obtained post mortem from patients who had received carrier-free Mo% 
from 1 to 21 d prior to death, has shown that molybdate accumulates pre- 
ferentially in the liver, and toa much smaller extent in the renal cortex 
and adrenal gland. 

The rate of accumulation of carrier-free molybdate-99 in the liver was 
determined by external counting with a collimated scintillation probe (Fig.1); 
the hepatic uptake was virtually complete within 60 min following the intra- 
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Measurement with collimated scintillation probes of the rates of activity 
of Mo?” and Te’ in the liver and head following intravenous administration 
of 40 uc of carrier-free Mo°® to a normal subject 
(Not corrected for decay.) 


venous administration. From excretion data it is estimated that the uptake 
of M099 by the normal liver is about 80% when carrier-free material is in- 
jected. The biological half-life of Mo9% determined by whole-body counting 
is about 20 d. Studies carried out in our laboratory have shown that labelled 
molybdenum is incorporated as a non-dialysable component of xanthine oxi- 
dase inthe rat. In man, this enzyme is located in the liver and possibly in 
the small intestine [1]. 

Molybdenum-99 has a physical half-life of 67 h; its decay scheme is pre- 
sented in Fig.2 [2]. Eighty-five per cent of Mo99 decays via a 1.23-MeV 
beta particle to the 6-h metastable technetium-99m; the remainder decays 
with beta emissions of 0.45 MeV (14%) and 0.87 MeV (1%), and 6 gamma 
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Ru 99 


STABLE 
Fig. 2 
Decay scheme of Mo% 
The radiation utilized in liver scanning is the 0. 140-MeV , -ray of Tc?’m 


emissions of 0.780, 0.740, 0.372, 0.181, 0.140 and 0041 MeV. Two-thirds 
of this remainder goes directly to Tc99, while $ goes to Tc%m. Inall, 90% 
of Mo9 will pass through Tc99m and thence to Tc99 by isomeric transmission 
emitting 0.142 MeV (1.6%. and 0.002+0.140 MeV (98.4%) y-radiations. 
Technetium-99, with a half-life of 2.1X105yr, decays by emission of a 
0.292 MeV beta to ruthenium-99, which is stable. 

The y-radiation from Mo% itself is not suitable for scanning purposes, 
partly because of its relatively high energy and partly because of the low 
emission rate. However, a considerable increase in absolute count-rate, 
as well as in contrast target: non-target ratio, is obtained by utilizing the 
low-energy radiation of the daughter Tc9m . 

Technetium itself does not concentrate in the liver. This can be seen 
from Fig.3, which illustrates a parallel decrease in isotope concentration 
in the liver and head following intravenous administration of 1004uc of Tc99m 
in the form of pertechnetate. Six hours after its administration the level 
of Tc99m in whole blood has fallen to 10.7% of the initial value. Eighty-two 
per cent of the injected Tc99m was recovered in urine and faeces within 72h. 
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Fig. 3 


Decrease in concentration of Tc?’M in liver, head, and whole blood 
following intravenous administration of 100 uc carrier-free pertechnetate at zero time 
(Corrected for decay.) 


Radioassay of excreta beyond this time was not feasible because of the short 
half-life of Tc99m. On succeeding days the urine contained 47, 7 and 4% of 
the administered technetium, and total recovery from faeces during the 
same interval was 24%. Whereas pertechnetate injected into the blood cir- 
culation does not concentrate in the liver, it is an interesting observation 
that Tc99m , when produced from Mo®% already taken up by the liver cells, 
continues to stay in that organ. The liver may be likened to a column of 
resin which selectively retains molybdate, but not pertechnetate. The he- 
patic uptake of Mo99 is accompanied by a gradual build-up of Tc99m (Fig.1l). 

Figure 4 shows 5 photoscans done 3, 9, 21, 30 and 44 h after intra- 
venous administration of 40 uc of Mo99to a normal subject. The ratio be- 
tween the maximum counts over the liver (counts per min), and the back- 
ground counts over the left inguinal region at the same time were: at 3h, 
1500/1000; 9 h, 2400/6060; 21 h, 4000/500; 30 h, 3500/500; and 44 h, 2800/400. 
Optimum scanning time is about 24 h after injection of molybdenum. At 
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1 3. 


Fig. 4 
Photoscans of the liver at 3, 9, 21, 30 and 44 h after intravenous administration 


of 40 uc of Mo9to a normal subject 


this time, Tc99m injected together with Mo99 has been almost lost, either 
by excretion or decay, which secures low background count; at the same 
time maximum build-up of Tc99m has taken place in the liver. 


3. SCANNING RESOLUTION OBTAINED WITH Mo9-Tc99%m AND WITH 1131 


To compare the contrast ratio obtained when using the Mo9%-Tc99m pair 
with that obtained with Il3! a phantom was constructed to represent a liver 
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containing a cold lesion. Thephantom consisted of 10 Lucite dishes, each 
having an inside diameter of 11.4 cm and an inside height of 1.0 cm. The 
bottom of each dish was 0.75 mm thick. The cold lesion was represented 
by 3 cylindrical Lucite plugs placed in the centre of 3 of the dishes. The 
diameter of the lesion was 3.0 cm and the total height 3.0 cm. The remaining 
space in the dishes was occupied by the isotope in uniform distribution in 
4% agar. Count-rate profiles and photoscans were done with the lesion in 
8 locations, one on the surface of the phantom and the others ranging from 
1to7 cmbeneath the surface. The equipment was the Picker Magna-scanner 
to which a scaler had been connected. The focal point of the 19-hole colli- 
mator traversed the centre of the lesion during the count-rate measure- 
ments. A 50-keV window was used to observe the principal photopeak of the 
2 isotopes. The photoscans were done under comparable conditions, using 
a speed of 30 cm/min, a line spacing of 0.3 cm, and no background cut-off. 

Figure 5 shows count-rate profiles over the liver phantoms. When the 
lesion reached the surface, the observed contrast ratio was 0.547 for Mo9- 
Tc99m and 0.545 for I13l. When the centre of the lesion was located 8.5 cm 
beneath the surface of the phantom, the contrast ratio had decreased t0 0.819 
and 0.809 for the 2 isotopes respectively. The two sets of photoscans are 
shown in Fig.6. From the count-rate measurements as well as from the 
photoscans it may be seen that the scanning resolution is essentially the 
same for both Mo99%-Tc99m pair and I131. It should be recalled, however, 
that with respect to Rose Bengal-Il31 the phantom represents a more 
favourable set of circumstances than does the human liver, i.e. because 
of the short biologic half-life of Rose Bengal, the concentration of 1131 within 
the liver changes continually during the scanning procedure, which means 
that the initial setting of the scanning system may not be the optimal one 
at the end. 


4. CLINICAL REPORTS 


Approximately 150 liver scans using Mo9% as tracer have been performed 
in the University of Chicago hospitals. Figures 7-11 are representative 
hepatoscans. Figure 7 shows a huge defect along the lateral margin of the 
right liver lobe, with displacement of the functioning liver tissue downward 
and to the left. The patient was a 62-yr-old woman of Greek origin who in 
1947 underwent marsupialization and cauterization of an echinococcus cyst 
of the liver and who complained of heaviness in the right hypochondrium and 
occasional pain of 2 months' duration. On the basis of the scan and the pre- 
vious history, the patient was operated upon. At operation, an echinococcus 
cyst 7” cm in diam. and multiple daughter cysts were found involving the 
anterior aspect of the right lobe of the liver. 

Figure 8 is a liver scan from a52-yr-old woman who was admitted to the 
hospital because of pain below the right costal margin of 3 months' duration. 
Six months previously she had undergone radical mastectomy for carcinoma 
of the right breast. The liver was not palpable. The hepatoscan shows a 
huge central defect as well as two additional large lesions in the right liver 
lobe, proved at the time of adrenalectomy to be metastatic tumours. 
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Fig. 7 


Photoscan sttowing large defect in the right upper quadrant 
of the liver proved at operation to be caused by an echinococcus cyst 
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Photoscan showing several large filling defects, 


proved at operation to be metastatic tumours 
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Fig. 9 


Photoscan showing several large filling defects 
caused by metastases from carcinoma of the lung 


Figure 9 is the scan of a 47-yr-old man who entered the hospital because 
of progressive jaundice and epigastric distress of 2 weeks' duration. Two 
months before his admission, bronchial biopsy had revealed an undifferen- 
tiated small cell carcinoma as the cause of a superior vena cava syndrome. 
The scan shows several areas of decreased uptake indicative of metastatic 
disease. 


Caution must be exercised in interpreting filling defects as metastatic 
lesions. The 63-yr-old man whose liver scan is shown in Fig.10 was ad- 
mitted to the hospital because of progressive jaundice of 5 months' duration 
and a 50-1b weight loss. The laboratory results were compatible with a 
diagnosis of obstructive biliary tract disease. At surgery, multiple stones 
were found to obstruct the common bile duct and it was evident that stones 
had perforatedintotheliverparenchyma causing marked scarring, visualized 
on the scan as an area of decreased density. 

There are two primary hepatocellular carcinomas in this series, both 
arising in a cirrhotic liver of Laennec's type. In one case the malignant 
hepatic cells concentrated molybdenum to a greater extent than did the nor- 
mal cells (Fig.11). The patient, a 60-yr-old man, had been known to have 
cirrhosis of the liver for 2 yr. The liver was palpable 7 cm below the right 
costal margin. It was firm and contained large nodular masses. A dia- 
gnosis ofhepatocellular carcinoma arisinginacirrhoticliver was established 
by biopsy. The liver scan showed increased uptake in what was believed 
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Fig.10 


Filling defect in the lower part of the right lobe, 
confirmed at operation to be due to scarring secondary 
to penetration of gall-bladder stones into the liver parenchyma. 
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Fig. 11 


Hepatocellular carcinoma, visualized as "hot" nodules in a patient with Laennec's cirrhosis. 
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to be a tumour and decreased uptake over the rest of the liver. This inter- 
pretation was verified by post-mortem examination which showed the upper 
middle portion of the liver to be studded with multipletumours. Byradio- 
assay these nodules were found to contain up to three times as much Mo% 
as did the surrounding cirrhotic tissue. 


5. DISCUSSION 


In the previous sections the principles and results of liver scanning 
with radiomolybdate have been presented. The basis for the method is the 
selective concentration in the polygonal cells of the liver of carrier-free 
Mo99 From this procedure information can be derived about the size, shape, 
position and internal configuration of the liver. Metastatictumours, ab- 
scesses and other space-occupying lesions destroy or displace the paren- 
chyma, resulting in loci of diminished or absent radioactivity, In hepato- 
cellular diseases, such as hepatitis and cirrhosis, the liver accumulates 
less of the administered dose of Mo99 leaving more of the isotope available 
for urinary excretion; on the scan, the liver image appears reducedin 
density with a pattern of patchy defects. 

All scans presented in this report have been made with the commercial- 
ly available Picker Magna-scanner. A collimated scintillation detector 
system [3] designed for low-to-moderate (<200 keV) y-energy has been 

The radiation dose to the liver has been calculated using the formulae 
of Marinelli, Quimby and Hine [4]. Assuming (a) an uptake by the liver of 
75% of an injected dose of 40 uc of Mo99, (b) no biologic excretion and (c) 
complete physical decay, the total radiation dose to that organ would be 
slightly higher than 2 rad. 

Mo99 possesses a number of advantages over tracers previously used 
in liver scanning: (1) Most important is the extremely favourable uptake 
ratio. The differential absorption ratio, i.e. the amount of radioactivity 
over the liver to the amount of radioactivity deposited in immediately ad- 
jacent areas is between 6 and 10. Reference has already been made to the 
short biological half-life of Rose Bengal and the changing concentration of 
1131 within the liver which may occur as a result. In addition, the release 
of Rose Bengal into the gall-bladder and intestine may obscure the inferior 
margin of the liver; (2) The long biological half-life of Mo99 within the liver 
is beneficial in that the interval between the injection of isotope and the be- 
ginning of the scan is not critical. The scan can be repeated in case of 
technical failure without loss of quality; (3) In general, the hepatic uptake 
of Mo99 has been found to be closely related to the functional state of the 
parenchymal cells; (4) The radiation dose to the liver is about five times 
smaller than when using colloidal radiogold; and (5) Carrier-free Mo99 is 
available commercially at a cost of $55.00 for 100 mc; the only preparatory 
measures involve dilution, sterilization, and radioassay of an aliquot of the 
stock solution. 
tested. However, this system proved to be less sensitive than the detector 
of the Picker Magna-scanner because too many scattered photons originating 
from the high-energy parent M099 outside the geometrical field of the col- 
limator were '"'seen'' by the detector. 
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DISCUSSION 


W.G. MYERS: Would it not be an advantage to use a crystal about 1 cm 
thick, instead of 5 cm, which would absorb almost all of the 140-keV Tc99m 
gamma rays but would not record most of the undesirable high-energy Mo®° 
gamma rays? 

P. HARPER: Yes, but the thick shield must be retained. It would be 
even better to use a quarter-inch crystal which would still detect 80% of 
the 140-keV gamma rays. 

R. BECK: With regard to Dr. Myers' suggestion that a thin crystal 
would be "superior to a thick crystal for detecting 140-keV Tc9?m in the 
presence of 140-keV Mo®, I should like to point out that there may be some 
advantage in using the thick crystal, since it would tend totally to absorb 
the Mo99 samma rays, in which case they could be separated from the 
140-keV Tc99m gamma rays by pulse height analysis. 

M. TER-POGOSSIAN: Did you experience any difficulties in using a 
relatively low-energy gamma-ray emitter in the visualization of a deep- 
seated organ? 

P. HARPER: Ican best answer your question by referring you to Fig.» 
of Dr. Sorensen's paper where the target/non-target ratios for Tc9m are 
identical with those for I131, 

C. HARRIS: I do not know the half-value thickness of tissue at 140 keV, 
but it is a few centimetres. Dr. Harper mentioned the figure of 4.6 cm. 
At any rate it makes at least as much sense to scan deep-seated organs 
using an isotope emitting 140-keV gamma rays, as it does to scan organs 
at 2-cm depth using 1125. 
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PROFILE COUNTING STUDIES OF HEPATIC UPTAKE 
OF LABELLED MATERIALSIN MAN 


ErES BOCHIN 
MEDICAL RESEARCH COUNCIL, DEPARTMENT OF CLINICAL RESEARCH, 
UNIVERSITY COLLEGE HOSPITAL MEDICAL SCHOOL, LONDON, 
UNITED KINGDOM 


Abstract — Resume — Annotauns — Resumen 


PROFILE COUNTING STUDIES OF HEPATIC UPTAKE OF LABELLED MATERIALS IN MAN. The value 
of a rapid and quantitative method for measuring the total radioisotope content of an organ is illustrated by 
profile- counting studies on the hepatic uptake of various radionuclides or labelled compounds in man. The 
method is likely to have wider application to the examination of uptake or turmover of materials in organs 
in which they are selectively concentrated. 

After an intravenous injection of I3!-]abelled thyroxine (T,) or tri-iodothyronine (T3) in man, serial 
profile or linear scans combined with blood sampling allow a determination of the distribution space of these 
hormones within the liver, and of the speed with which they enter and leave the organ. Concentration ratios 
between liver and plasma of three for T, and four for T, are observed in normal subjects and evidence is 
obtained that a large proportion of the circulating hormones enter and leave the liver during every 
hour. The rapidity with which profile scans can be obtained, and the accuracy with which hepatic contents 
can be estimated by these methods, facilitate such quantitative analyses. 

The hepatic concentration of endogenously- produced hormone in hyper-thyroidism has been similarly 
examined by serial profiles in the days following test doses of radioiodine - given as iodide - and shows 
proportionality with levels of circulating protein- bound radioiodine. Following therapeutic doses ofradioiodine 
to such patients, a lower proportionality is observed suggesting the liberation of metabolites from the irradiated 
thyroid which are less actively concentrated in the liver. Similar methods have been used to examine the 
hepatic uptake of circulating metabolites during radioiodine ablation of normal thyroid tissue in patients with 
thyroid cancer, and during the treatment of functioning thyroid cancer with radioiodine, when the detection 
of hepatic radioactivity at several days after a test dose of Il3! appears to give useful evidence of the presence 
or persistence of iodine- concentrating tumour tissue within the body. 

Estimates of hepatic content of Au!?® or Y9' may be used to estimate the hepatic uptake or retention 
of injected particulates. 


ETABLISSEMENT DE PROFILS SCINTIGRAPHIQUES POUR L'ETUDE DE LA FIXATION DE SUBSTANCES 
MARQUEES PAR LE FOIE HUMAIN. La valeur d'une m&thode quantitative permettant de mesurer rapidement 
la teneur totale d'un organe en radioisotopes est mise en Evidence par l'’emploi de profils scintigraphiques 
dans l'Etude de la fixation de radionucl&ides ou de substances marqu&es par le foie humain. Il est probable 
que cette methode recevra une large application dans l'Etude de la fixation ou du renouvellement de certaines 
matitres dans les organes oü elles se concentrent selectivement. 

Apres injection intraveineuse de thyroxine (T,) ou de tri-iodothyronine (T;) marquee avec 131], l'&tablisse- 
ment d'une serie de profils scintigraphiques, par balayage lin&aire, associ@ a des analyses du sang, permet 
de determiner la r&partition de ces hormones dans le foie, ainsi que la vitesse a laquelle ils atteignent et 
quittent cet organe. Chez des sujets normaux, le rapport des concentrations dans le foie et le plasma est de 
3 pour T, et de 4 pour T,; on a constate, en outre, qu’une grande partie des hormones en circulation atteignent 
et quittent le foie toutes les heures. Ces analyses quantitatives sont facilit€es par la rapidit& d'Etablissement 
des profils scintigraphiques et la pr&cision du calcul du contenu du foie par cette m&thode. 

On a Etudie de fagon analogue la concentration hepatique des hormones endogenes chez des sujets atteints 
d’hyperthyroidisme, en faisant des series de profils scintigraphiques pendant les quelques jours suivant 
l'administration de doses experimentales de radioiode sous forme d’iodure; on a constat€ que cette concen- 
tration Etait proportionnelle A la quantit& de radioiode li€ aux prot&ines en circulation. A la suite de l’admini- 
stration de doses therapeutiques de radioiode, on a observ& une diminution de la proportionnalite qui semble 
indiquer la lib&ration par la thyroide irradi&e de me&tabolites moins activement concentres dans le foie. On 
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a eu recours A des m&thodes analogues pour Etudier la fixation par le foie des metabolites en circulation lors 
de la destruction par le radioiode de tissus thyroidiens normaux chez des malades ayant un cancer de la thyroide, 
ainsi que lors du traitement par le radioiode du cancer dans une thyroide en fonctionnement, lorsque la 
detection d'une radioactivite hepatique plusieurs jours apr&s l'injection d'une dose experimentale de 1311 
semblait prouver la presence ou la persistance dans l'organisme de tissus neoplasiques concentrant l'iode. 

Les estimations de la teneur du foie en 198Au ou %Y peuvent servir a Evaluer l'absorption ou la retention 
he&patique des substances particulaires injectees. 


U3YYEHNUA NPOSUNA TOTAOMEHNA MEYEHBIX BENECTB IIEYEHbBR Y YUEJIOBEKA 
C TOMOMNbP CYETA UMIIYIbCOB. leHHocrtb ÖbICTPOTO KONHUECTBEHHOTO MeTOAa H3MEepeHNHA 
o6Wero cConepXaHna PalMHOH3OTONOB B KAKOM-AN60O OpTaHe MHINMCTPHPYeTcA HCNONB3OBAHHeM CUEeTa 
MMNYNbCOB ANA H3yUeHHsa NPohHNA NOTNOWEHNA Pa3nMYHbIX PANHON3OTONOB UNM MEUEHbIX CoeanHe- 
HHÄ TIeYeHbP yelloBeKa. DTOT MeToA MOoxeT bonee IIHPOKO HCNONB3OBATbCA ANA H3y4eHHA NOT 
TNOWEHHA HIM KPyToo60poTa BelecTB B Tex OpTaHaX, TAe OHM CeleKTUBHO KOHUEHTPHUPYETCA. 

Tlocne BHYTPHBEHHOTO BBeAEHHA MEeYEHHBIX HOoNOM-131,TupokcuHa (T,) Huın Ke TPHÄONOTHPO- 
HuHa (T; ) y venoBeka cepnÄHoe nPobHNBHOoe HAMM IHHeÄHOe CKEHHHPOBAHHE COBMECTHO CO B3ATHEM 
nPo6bI KPOBH AaAWT BO3MOXHOCTB ONpeneneHNA 30H pacnpeneneHnA 9TUX TOPMOHOB B TIeUeHH, a 
TaKKe CKOPOCTH UX NOCTYMAEHNHA B 9TOT OPTaH U BbIXoNa u3 Hero. Y 3A0PoBbIX nmel KoabhH- 
LUHEHT KOHUEHTPaUMÄ MexXAy MeyeHbPm u mnaaMoH pabeH 3 ana T, u 4 ana Tz3 , KpoMe TOrTO, HMeWTCA 
yKasaaHua Ha TO, UTO 3HAYUTENbBHAaA AONA UHPKYIMPYyPLUMX TOPMOHOB TIOCTyTaeT B TleyeHb HU yna- 
NAeTcA uU3 Hee Kaxıabıl yac. TakoTo poAa KONHYeCTBeHHbIM aHanu3 MoXeT ÖbItTb o6nerueH 6na- 
TOAapA CKOPOCTH NONYUeHHA NPOPHABHBIX CKeHHOTPAMM H TOYUHOCTH, C KOTOPOÄ 39THU MeTonbl NO- 
3BONAMT ONPEeNEeNATB CoNepxKaHhe 3THX BeMecTB B TIeyeHH. - 

KOHUEeHTPpauMma 3HAOTEHHEIX TOPMOHOB B TIeYeHH IIPH THIIePTHpeoHAHSsMe onpenenanachb aHa- 
AOTWYHbIM 06pa30M NyTeM NONY4UEHHA CePHÄHBIX IPODHUNBHEIX CKEHHOTPaMM B AHH, CNeAymulMme 
3a BBENEHHEM HHAHKATOPHbIX A03 PalHOAaKTHBHOTO MONA, BBOAHMOTO B BHAe HoAuna, ÖbIna O6Hapy- 
KeHa NPONOPLUMOHANBHOCTB I9TOM KOHUEHTPALHH KONHYECTBy UHPKYAIHPYyMMEeTO CBASAHHOTO C beiiKOM 
paanmoaKTuBHoTo Mona. B pesynprare NPHMEeHeHHA TepaneBTuuecKuX M03 PalHOaKTHBHOTO Hona 
y TaKHuX 60NbHbIX Ha6nmAaeTcA yMeHblIeHHe ITOÄ MPONOPUHOHANBHOCTH, YTO NOSBONAET AyMaTb 
© BbICBO6OXANEHHH MeTa6onHTOB H3 O6Ny4UEeHHOÄ MIHTOBHAHOÄ Kene3bl, KOTOPble MeHeEe AKTUBHO 
KOHUEHTPHPYETCA B neyeHuH. AHAaNOTHUHbIeE MEeTOAbI ÖBIJIM HCMONBSOBAHbI ANA M3YyUeHHA NOTNO- 
WEHHA NeyYEeHBP LHPKYIIHPYPIIMX MEeTa60NHTOB B CAIyyae MONaBleHHA ByHKUHH IHTOBHAHOÄ xKenesbl 
c NOMOMBE panHMoNfona y MaLUMeHTOB, CTPanamwııHX PaKOM lIMTOBHAHOÄ xenesbl, a TaKxe IIPH Neye- 
HMM DYHKIIHOHANbHO AaKTUBHOTO PaKa IIMTOBHAHOÄ xenespl PANHOaKTHBHBIM HOAOM, Koräa onpene- 
AeHHe yPOBHA PalHOaKTHBHOCTH MeyeHH HecKoNbKO AHeÄ CNYCTA NOCAEe BBeNEHHF HHAHKATOPHOoH 
A035l Hona-131 naeT, NO-BHAHMOMy, NONe3HOE yKaaaHue Ha HalHyHe HIIH PA3BHTHE KOHUEHTPHPyP- 
MX Ho ONyXoNneBbIX TKaHef B OPTaHH3Me. 

Onpenenenne conepxaHusı B neyeHn 30noTa-198 nnn UTTpHua-90 MoxerT ÖbITb HCNONB30BAaHO 
ANA OUEeHKH NOTNOWEHHA MeUEHLE MIH 3alepxKKH B Heli BBEAEHHEIX YacTuy. 


ESTUDIOS POR RECUENTO DE PERFILES DE LA CAPTACION HEPÄTICA DE SUSTANCIAS MARCADAS. 
Los estudios por recuento de perfiles de la captaciön hepätica de diversos radionüclidos o compuestos marcados 
demuestran el valor de un m&todo räpido y cuantitativo para la mediciön del contenido total de radioisötopos 
de un örgano. Es probable que este m&todo llegue a emplearse mäs extensamente para examinar la captaciön 
o la renovaciön de ciertas sustancias en aquellos örganos en que se concentran selectivamente. 

Despu&s de inyectar por via intravenosa tiroxina (T,) o triyodotironina (T,) marcadas con 131], las 
exploraciones en serie de perfiles (0 lineales) combinadas con anälisis de sangre permiten determinar la distri- 
buciön espacial de estas hormonas en el higado y la velocidad con que entran y salen de dicho örgano. En 
individuos normales se observan entre el higado y el plasma razones de concentraciön de 3 para la T, y de 
4 para la T,, y se comprueba que, cada hora, una proporciön elevada de las hormonas en circulacisn entra 
o sale del higado. La rapidez con que se puede obtener un perfil radiactivo y la exactitud con que esos me&todos 
permiten estimar el contenido hepätico facilitan estos anälisis cuantitativos. 

Se ha examinado tambien la concentraciön hepätica de hormona endögena en casos de hipertiroidismo, 
determinando series de perfiles en los dias siguientes a la administraciön de dosis experimentales de radioyodo 
(en forma de yoduro) y se ha observado una proporcionalidad con las concentraciones de radioyodo unido a 
las proteinas en circulaciön. Despues de administrar dosis terap&uticas de radioyodo a esos pacientes se observa 
una proporciön mäs baja, lo que sugiere que la tiroides irradiada libera metabolitos que se concentran menos 
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activamente en el higado. Se han empleado me&todos similares para examinar la captaciön hepätica de metabo- 
litos cuando el radioyodo destruye tejido tiroideo normal en enfermos de cäncer de la tiroides, y durante el 
tratamiento del cäncer tiroideo con yodo radiactivo cuandoeltejido canceroso conserva aün la funciön tiroidea. 
En esos casos, la detecciön de la radiactividad hepätica varios dias despu&s de la administraciön de una dosis 
experimental de 131] proporciona al parecer cierta informaciön sobre la presencia o la persistencia de tejido 
tumoral capaz de concentrar el yodo. 


La evaluaciön del contenido de 1%Au y90Y puede servir para calcular la captaciön hepätica o la retenciön 
de sustancias inyectadas en forma de suspensiones. 


Studies of the radioisotope content of the human liver have yielded valu- 
able information on a number of clinical and physiological problems, parti- 
cularly by allowing estimates of hepatic function or blood flow to be made 
from determinations of the speed with which labelled materials are removed 
from the circulation by the liver, or by facilitating the diagnosis of space- 
occupying lesions of the organ by studies of the distribution of radioactive 
materials throughout it. It is not essential, however, for the purpose of 
most such types of investigation that the radioisotope content of the liver 
should be known at any time in absolute terms, or that the liver uptake of 
the nuclide should be calibrated and expressible as a percentage of the dose 
given. 

In examining the hepatic concentration of radioiodine-labelled thyroid 
metabolites, it is important that the total liver content of radioiodine should 
be expressed in absolute terms and related, for example, either to the plas- 
ma concentration of radioiodine in organic combination or to the percentage 
of the administered dose of radioiodine which has passed through the thyroid 
at any given time. In the following investigations the hepatic content ofradio- 
iodine has been studied in subjects with or without thyroid disease by tech- 
niques of profile counting, using methods of calibration that have been des- 
cribed [1]. These techniques have allowed serial observations to be made 
under standard conditions, either during the period immediately after the 
intravenous injection of labelled hormone, or in the days following adminis- 
tration of radioiodine as iodide and during the course of discharge of naturally 
labelled hormone from the thyroid gland or from functioningthyroid cancers[2]. 

When such serial profile counts (or linear scans) are made at intervals 
after the administration of a radioiodine dose to a hyperthyroid subject, it 
is usually found that the profile peak corresponding to the thyroid content 
increases rapidly, while evidence of activity elsewhere in the body decreases 
concurrently, so that after 12-24 h a single peak at the level of the thyroid 
indicates the concentration in the gland of essentially all of the administered 
radioiodine that has not already been excreted. In the ensuing few days, 
however, and particularly if the discharge of radioiodine from the thyroid 
is rapid, the progressive fall of the thyroid peak is associated with the de- 
velopment of a second peak of activity at about 50 cm from the vertex of the 
head, which can be shown by mapping to correspond with radioactivity in 
the position of the liver. The height of this hepatic peak, as corrected for 
radioactive decay, normally reaches a maximum value after a few days, 
decreasing thereafter according to a curve which typically becomes parallel 
to that for the continuing discharge of radioiodine from the thyroid. 

When the height of the hepatic peak in a particular patient is related 
to the plasma concentration of protein-bound radioiodine in the days follow- 
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ing the dose, the liver activity is found to rise and fall in proportion to the 
concentration during these days of organically bound radioiodine in the plas- 
ma. It appears therefore that the liver concentrates the circulating meta- 
bolites and can be described as having a constant "distribution space" for 
them. 

The size of this distribution space can be determined if the liver content 
of radioiodine is calibrated and expressed in microcuries, and compared 
with the plasma concentration of protein-bound radioiodine as measured in 
miIerocuries per.litze, 


The liver content of radioiodine can be determined with moderate 
accuracy in those patients in whom the radioiodine is rapidly discharged 
from the thyroid and accumulates in large amounts in the liver, so that 
a considerable liver peak develops which is well separated from contri- 
butions caused by radioactivity of any other tissues. In other patients 
in whom the thyroid discharge is less rapid and the hepatic peak is less 
dominant, the calibration factor appropriate for the individual patient 
is determined with less accuracy and it has appeared preferable to de- 
termine a mean calibration factor for hepatic radioiodine for the count- 
ing assembly used and to apply this factor to all patients studied. Ap- 
proximately the same mean value has been observed in patients with 
rapid discharge of naturally labelled radioiodine, in subjects after intra- 
venous injection of Il31-]abelled thyroxine and tri-iodothyronine, and 
also following the hepatic concentration of intravenously injected col- 
loidal radiogold-198, of which the gamma energy is sufficiently similar 
to that of Il31 to allow corroboration of the calibration factor appropriate 
to human hepatic radioisotope concentration. The results obtained by 
this method on individuals in whom direct calibration is not possible 
will clearly involve inaccuracies caused by individual variations inliver 
size or position. Mean values of groups of individuals should however 
give valid estimates of the amount of radioiodine present in the liver 
under different circumstances. 


The proportionality between hepatic radioactivity and plasma organic 
radioiodine following test doses in hyperthyroid subjects can on this basis 
be expressed by the statement that the liver contains on average as much 
radioiodine as is present in protein-bound form in 8.5 1 of plasma [2]. The 
similarity between the rise and fall with time of both hepatic and plasma 
contents also clearly suggests that a distribution equilibrium is established 
and maintained between these two compartments. No accurate information 
is obtainable however from these observations as to the speed with which 
any such distribution equilibrium is set up. 

To investigate this point in more detail and to extend the information 
as to what compounds are concentrated in the liver, intravenous injections 
of radioiodine-labelled thyroxine and tri-iodothyronine were given to sub- 
Jects without thyroid disease, and the course both of the hepatic radioactivity 
and of the plasma radioiodine content were followed during the ensuing hours. 
When thyroxine is given in this way, it is found that the hepatic radioactivity 
rises relatively rapidly to a maximum value which is usually reached by 
between 3 and 13 h after the injection, the liver radioactivity thereafter 
falling in parallel with the fall of the plasma protein-bound radioiodine con- 
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centration. The ratio between hepatic and plasma concentrations reaches, 
within 2 or 3 h of the injection, a limiting value which thereafter remains 
constant and corresponds to a distribution space of about 5 1 for this hor- 
mone in the liver. 

The speed with which this ratio approaches its limiting value should 
indicate the rate at which thyroxine in the plasma becomes equilibrated with 
that in the liver. This time appears to be short, the ratio usually reaching 
half its limiting value within about 30 min of the injection of the labelled 
thyroxine, suggesting that 50% of the liver content of thyroxine is leaving 
the organ within 3 h or less. This value would correspond with a clearance 
by the liver of 0.121 of plasma per minute of its contained thyroxine, with 
redischarge of almost all of this hormone again into the circulation within 
a mean period of less than 1 h, since MYANT [3] has shown that the amount 
of thyroxine which is excreted from the liver into the gut through the bile 
is small in man, and since the rate of thyroxine breakdown is small com- 
pared with these rates of lıver-cycling of the hormone. 

Tri-iodothyronine is found to be rather more highly concentrated in the 
liver than is thyroxine, its distribution space having a value of about 71. If 
the mean mass of the liver is taken as 1.5 kg, this indicates a concentration 
ratio.between hepatic tissue and plasma of about 5, as compared with one 
of about 33 for thyroxine. Moreover, the speed with which tri-iodothyronine 
becomes equilibrated between plasma and liver appears to be rather more 
rapid than for thyroxine, the maximum liver uptake being reached within 
a few minutes of the injection and the ratio between hepatic and plasma con- 
centrations reaching half its final value in a mean time of 7 minin the seven 
subjects investigated. This value would indicate that about 10% of the he- 
patic tri-iodothyronineleavestheliver per minute, having about a 10-min 
mean stay in the organ. The hepatic clearance of plasma tri-iodothyronine 
is estimated as about 0.7 1 of plasma per minute, which approaches the total 
plasma flow through the liver and implies a substantially complete removal 
of the hormone on every passage through the organ. 

These techniques thus give evidence of a rather rapid and quite con- 
siderable but temporary concentration of each thyroid hormone in the liver. 
They imply that the hormone molecules are normally taken up by the liver 
and discharged again into the circulation many times each day. No evidence 
has been obtained of any factors which influence the rates of uptake or dis- 
charge of these materials or of any metabolic process that may be involved 
during this cycling of hormones through the liver. 

It will be seen, however, that comparatively small changes of either 
uptake or discharge rates would rapidly alter the plasma concentration of 
the circulating hormones, although there is no evidence that any such con- 
trol or variation of levels occurs. 

It would be of interest to know whether these rates of hepatic uptake 
are characteristic of thyroid hormones or are common to other compounds 
concentrated by the liver and, in particular, whether thyroxine-binding glo- 
bulin or other plasma protein fractions are taken up at similar rates, since 
the uptake of the thyroid hormones might simply be due to the uptake of the 
plasma proteins to which they were bound. 

It has been stated that the liver uptake of the naturally occurring meta- 
bolites of the hyperthyroid patient is proportional to the current plasma con- 
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centration of organic radioiodine compounds, the distribution space of these 
compounds being comparable with, or a little higher than, those observed 
for the thyroid hormones when given intravenously. It is doubtful whether 
the difference in concentration observed in these situations is necessarily 
significant, since the hepatic uptake in the hyperthyroid patients is examined 
in the presence of a higher radioiodine content of surrounding tissues than 
when labelled hormone alone has been injected, and this may have some 


effect in increasing the height of the profile peak and so the estimated uptake 
in the liver. 

In any individual patient the hepatic content can be clearly related to the 
amount of radioiodine which has already been discharged from the thyroid, 
patients with the most rapid radioiodine turnover through the gland develop- 
ing the largest hepatic contents and occasionally having several times as 
much radioiodine in the liver as in the thyroid itself, once equilibrium is 
set up between the two organs. If the hepatic content at 5 d after the dose 
is related to the percentage of the dose which has left the thyroid between 
the first and fifth day, a linear regression is observed indicating that about 
60% of the radioiodine which has left the thyroid in this interval is to be found 
in the liver at that time. Allowing for some hormone breakdown and radio- 
iodine excretion during this period, this value is clearly consistent with 
the concept of the liver as containing at least half of the body thyroxine, as 
is suggested by a comparison between the hepatic distribution space for 
this hormone and conventional estimates of its total distribution space within 
the body. 

When a therapeutic dose of iodine-131 is given to a hyperthyroid patient 
and profile curves are compared with those obtained following a preceding 
test dose in the same patient, it is observed with considerable regularity 
that the hepatic peak developing after the therapeutic dose is less pronounced 
than that after the test dose. The hepatic radioiodine content is again clearly 
related to the speed of radioiodine turnover through the gland but, for a 
given radioiodine discharge from the gland between the first and fifth days 
after the dose, the liver radioactivity is now seen to be considerably less 
than following the test dose, the regression line having a slope correspond- 
ing to only about 30% of the discharged radioiodine being present in theliver. 
Values are givenin Fig. 1 for the hepatic contents as estimated by profile 
counting in about 280 patients receiving both test and therapeutic doses and 
indicating clearly the difference in hepatic concentration of discharged radio- 
iodine in the two situations. 

A more direct estimate of the hepatic concentration of circulating meta- 
bolites is obtained by comparing the liver radioactivity with that of the plas- 
ma protein-bound fraction observed at the same time, since the lower he- 
patic content of radioiodine discharged from the thyroid after therapeutic 
doses might merely correspond with a briefer survival in the circulation 
of discharged metabolites in these cases. The hepatic distribution space 
for circulating metabolites after therapeutic doses has had an average value 
of 6.5 lin 50 patients as compared with 8.5 1 for test doses; and a compari- 
son of the distribution space at 4 or 5 d after the dose in a group of patients 
studied after both test and therapeutic doses has shown spaces after the 
latter which were about 70% of the size observed after the preceding test 
doses in the same patients. It appears clear therefore that certain of the 
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Fig.1 


Relation between height of profile peak at the position of the liver, 5 d after a radioiodine dose 
expressed as percentage of the dose present in the liver, and the loss of radioiodine from the thyroid, 
expressed as the difference between the percentage of the dose present in the gland at 1 d and at öd: 
upper graph, in 299 hyperthyroid patients following test doses; lower graph, in 278 of these patients 

following therapeutic doses. 


metabolites discharged from the gland under the influence of the radiation 
received from radioiodine in this form of therapy are less highly concen- 
trated by the liver than are the metabolites that are usually discharged from 
the gland, and this subject remains under investigation. 


CONCLUSIONS 


Techniques of profile counting appear to offer a simple and quantitative 
way of studying the dynamics of hepatic uptake and turnover of the thyroid 
hormones and metabolites, and have some diagnostic as well as consider- 
able investigational possibilities. Itis now clear on a quantitative basis 
why a hepatic concentration of radioiodine is not demonstrable in normal 
subjects or even in some hyperthyroid patients, since the relevant profile 
- peak may be difficult to discriminate from the effects of radioiodine in sur- 
rounding tissues if the thyroid discharge of labelled hormone is not rapid. 
Unless about 10% of the administered dose has already been discharged from 
the gland within the first 5 d, the hepatic uptake can often not be clearly 
discriminated from radioiodine in adjacent organs with the counting arrange- 
ments used for the greater part of this work, and, although improved colli- 
mation decreases this limit somewhat, it is unlikely that the slow discharge 
of labelled hormone from the normal gland will often give detectable hepatic 
concentrations. 

Correspondingly, however, a hepatic peak is likely to be demonstrable 
whenever the thyroid turnover is for any reason high, provided that the meta- 
bolites discharged are hormonal or in any other form which is concentrated 
by the liver. Such liver peaks are regularly demonstrable during the ab- 
lation of the normal thyroid gland by high doses of radioiodine, as carried 
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out in patients with differentiated thyroid carcinoma prior to radioiodine 
treatment. Moreover, following thyroid destruction and in the presence 
of an iodine-concentrating tumoür of rapid radioiodine turnover, a hepatic 
peak frequently develops within a few days of the administration of a dose, 
and is normally attributable to a concentration of discharged metabolites in 
the liver. This uptake is to be distinguished from hepatic uptake of radio- 
iodine in such patients due to the presence of a functioning metastasis in the 
liver, the latter usually giving a maximum uptake at a considerably earlier 
time (often at 6-12 h, rather than after a few days) and commonly showing 
a localized concentration at one site within the organ rather than an apparent- 
ly uniform concentration throughout the liver substance on mapping. The 
detection of hepatic radioiodine uptake in such patients is, like the presence 
of organically bound radioiodine in the plasma, to be regarded as indicating 
the persistence of some remaining iodine-concentrating tumour tissue with- 
in the body if ablation of normal thyroid tissue is already complete. This 
finding will be of importance if radical therapy is being attempted, since 
any such evidence of the organic binding of iodine must in this case indicate 
the need for further radioiodine therapy. In patients with isolated known 
metastases, this guidance is seldom of importance since the persistence 
ofthe metastasis itself will readily be detectable. Where, however, mul- 
tiple and disseminated metastases are present, or where iodine-concentrating 
deposits occur in positions which may be confused with physiological sites 
of iodine concentration such as the bladder, the stomach or the salivary 
glands, the detection of hepatic iodine. concentration developing severaldays 
after a test dose may give a valuable indication of the persistence of func- 
tioning tumour tissue in the body of a patient in whom all such tumour tissue 
had been thought to have been destroyed by preceding radioiodine therapy. 
The relationship which can be established between the liver content and the 
amount of radioiodine already discharged from thyroid or tumour tissue 
may give a quantitative basis for assessing the amount of uptake in all re- 
maining tumour tissue. 

The quantitative study of the hepatic concentration and turnover of io- 
dine metabolites by profile counting methods seems to be of interest ingiving 
some indication of the likely applicability of such techniques to examination 
of the kinetics of the uptake of other compounds in organs in which they are 
selectively concentrated. 
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DISCUSSION 


H.A.B. SIMONS: Ithink that the convergent slit collimator is particu- 
larly liable to edge penetration effects and I wonder how this affects the 
calibration of your system in cpm/uc in the organ. 
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E.E. POCHIN: The counter with this collimationis, in any case, used 
primarily for localizing and distinguishing individual sites of uptake rather 
than for quantitative determinations of the amount of uptake. Since cali- 
bration is much more reliable with the wider angle collimator system, the 
latter is preferred for all determinations of uptake. 

D. IKKOS: You mentioned that the biological half-life of thyroxine in 
the liver is much longer than that of tri-iodothyronine. Can you suggest the 
cause of this difference? Can it be caused by the binding of thyroxine to the 
plasma proteins? 

E.E. POCHIN: That may well be the cause. It is possible, indeed, 
that it is really the thyroxine-binding proteins which are being concentrated 
rather than the thyroxine itself. This might account for the less prolonged 
retention of tri-iodothyronine, which is less strongly bound, although clearly 
it would not explain the apparently higher concentration of tri-iodothyronine 
than of thyroxine in the liver. 
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